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(RECEIVED FOR PUBLICATION MARCH 23, 1950) 


A proper functioning of the red cell precursors in 
the bone marrow is essential for the maintenance of 
an adequate number of circulating red blood 
corpuscles, and there are several well-recognized 
ways in which the normal production of erythrocytes 
may be upset. The mechanism of the derangement 
is clearly understood in some cases, but in others 
the aetiology is quite unknown. 

Various terms containing the words aplastic and 
hypoplastic are in common use to define the 
anaemias of childhood, and not only are these 
words often confused but sometimes they are applied 
to the peripheral blood and sometimes to the state 
of the marrow, so that a given description of an 
anaemia may be entirely at variance with the 
pathological process at work. 

Aplastic anaemia, usually involving all the 
marrow elements, has been reported some 150 times 
(Whitby and Britton, 1946). In classifying the 
so-called aplastic anaemias, however, Rhoads and 
Miller (1934), besides describing the truly aplastic 
marrow, recognized a type in which the marrow was 
‘full’ of precursors of a primitive variety presum- 
ably incapable of maturing. An aplasia due to 
marrow exhaustion is occasionally seen as the result 
of a prolonged maturation factor deficiency or a 
haemolytic process. Whitby and Britton refer to 
six cases in the literature of total aplasia of the 
marrow erythroblastic elements, and a similar but 
periodic lack of marrow erythroblasts has been 
recently described, in which an allergic factor 
appears to play a part (Gasser, 1949). 

A peripheral pancytopenia rather similar to the 
blood picture in aplastic anaemia is sometimes seen, 
and is thought to be due to the production by the 
spleen of a substance inhibitory to the bone marrow. 
Again, some poisons, infections, and drugs appear 
to have a direct depressant action on one or other 
of the bone marrow elements, causing a dysfunction, 
hypoplasia, or aplasia with consequent peripheral 
deficiency. 

In contradistinction to these better recognized 
anaemias a group of five cases was reported by 
Diamond and Blackfan (1938; 1944) in which there 


were normal white cells and platelets with a 
peripheral red cell anaemia. There was no reticulo- 
cytosis, although the marrow erythroblasts were 
only moderately depressed, and as the condition 
was recognized early in infancy Diamond and 
Blackfan called it congenital hypoplastic anaemia. 
They were probably not the first observers of the 
condition, as Josephs reported two somewhat 
similar cases in 1936. It is referred to by Gasser 
(1949) as ‘chronic idiopathic erythroblastopenia 
with aplastic anaemia (type Josephs-Blackfan- 
Diamond).’ Other cases, which from the descrip- 
tions appear to have been the same, have been 
reported by Kohlbry (1941), Rubell (1942), and 
Robson and Sweeney (1948); in these also a 
moderate to severe hypoplasia of the marrow 
erythroblasts was noted. None of these authors 
was able to indicate any causal factor for the 
condition, which on several counts is different from 
the better recognized non-regenerative anaemias. 

The purpose of the present communication is to 
place on record five similar cases of anaemia, 
accompanied by erythroblasts in the marrow but 
no reticulocytosis. In spite of the necessity for 
repeated transfusions practically from birth both 
physical and mental development have been normal. 
A salient feature of the cases has been that only the 
peripheral red cells are depressed, granulocytes, 
lymphocytes, and platelets at all times being normal. 
The features of the condition are described in some 
detail because the rarity of the condition may be 
more apparent than real, and it might be more 
frequently recognized. 


Features of the Disease 


Of the five cases tentatively diagnosed as con- 
genital hypoplastic anaemia, one went abroad and 
has been lost sight of. The remaining four have 
been observed for periods from one to five and a half 
years. There were three girls and two boys. There 
has been nothing in any history to suggest a familial 
element. 

Age of Onset. Two of the children came under 
observation for pallor at the age of 3 weeks, one 
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at 4 weeks, while the remaining two were first seen 
at the ages of 6 and 12 weeks respectively. In each 
of the first three cases anaemia as a late result of 
Rhesus incompatibility was suspected, but this was 
shown not to be the cause. The early age of onset 
has led to these cases being designated as congenital. 

Diagnosis. This is based on a recurring anaemia 
of a normocytic normochromic type, such as is 
seen in true aplastic anaemia, without reticulo- 
cytosis. Reticulocytes are either absent or less than 
0-01 % as a rule, the highest proportion observed in 
any of the cases being 0:8°%. Late normoblasts in 
the peripheral blood are not uncommon, as many 
as 1,200 per c.mm. having been seen. Platelet counts, 
on the other hand, have always been normal. 
Granulocytes and lymphocytes also have always 
been normal, and have responded to the usual 
infections in the expected way, granulocytosis 
accompanying pyogenic infection while one patient 
who contracted whooping cough showed the 
characteristic lymphocytosis. 

Serial bone marrow examinations have shown a 
variable picture. Two cases have shown an 
erythroid hypoplasia at most times, and although 
originally the red cell precursors were fairly plentiful 
they now appear to be approaching exhaustion. In 
two cases erythroblastic elements have been within 
normal limits, while in the fifth case they have on 
every examination been hyperplastic, being 50-70% 
of the marrow cells counted. The myeloid series 
and megakaryocytes have always appeared normal, 
and, as judged by observations on the peripheral 
blood, react normally. 

Clinically there is little to be found in these 
children with the exception of pallor. The spleen is 
not palpable, except after transfusion, and so far 
no clinical signs have been detected which are more 
than evidence of anaemia. A point which may prove 
of importance is the remarkable similarity of the 
facies of the patients. All have had tow-coloured 
hair, snub noses, thick upper lips, rather wide-set 
eyes, and an intelligent expression (Figs. 1-4). This 
may be fortuitous, but it is interesting to observe 
that the photograph of Robson and Sweeney’s 
(1948) patient shows the same features. 

All the standard laboratory investigations have 
failed to bring this condition into line with any 
known pathological process. Red cell fragility tests 
on the patients and their families have on many 
occasions been normal. Evidence fora haemolysin 
has been sought in vain, repeated direct and indirect 
Coombs tests being negative. The Donath- 
Landsteiner reaction has been negative, as have 
attempts to demonstrate lysins by varying pH and 
temperature. An indirect van den Bergh test as 
high as 2-5 mg. per 100 ml. has been seen occasion- 
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ally, but usually this test has shown figures within 
normal limits. It will be appreciated that in view 
of the failure of these children to manufacture their 
own red blood corpuscles laboratory tests are in 
effect carried out on transfused donor cells. One 
child, of blood group B, has been maintained with 
group O blood, so that the peripheral corpuscles 
are not agglutinated with anti-B serum, although 
his serum still agglutinates group A cells. Examina- 
tion of the urine has shown no increase in 
urobilinogen or urobilin, and the naked eye appear- 
ance of the faeces is normal, as are the microscopy 
and biochemistry. 

Prognosis. As the condition becomes longer in 
duration the effects of the prolonged anaemia 
manifest themselves. There is an apical systolic 
heart murmur, the liver enlarges, and the skin of 
our oldest child has taken on a slightly dusky hue. 
Some of these effects may be due, as suggested by 
Blackfan and Diamond (1944), to haemosiderosis 
consequent upon the repeated transfusions. Little 
is known of the remote prognosis. The possibility 
that the condition is a prodromal stage of leukaemia 
has been constantly borne in mind, but is becoming 
more remote as the children grow older without the 
appearance of atypical marrow cells. Of Blackfan 
and Diamond’s five cases, two apparently recovered 
spontaneously, one a year after splenectomy. One 
died of septicaemia, while the other two were alive, 
one having reached the age of 11. The four cases 
we have kept track of are all developing normally 
apart from their anaemia, and the oldest is at present 
54 years of age. 

The technical problem of transfusing a child whose 
peripheral veins have all been tied off becomes 
increasingly difficult, and we have had in two cases 
to resort to the direct injection of packed cells into 
the external jugular vein. It seems likely that this 
unavoidable necessity for rapidly overloading the 
circulation, combined with the damage which 
the heart musculature must have suffered from the 
prolonged anaemia, will eventually lead to a 
transfusion disaster. 

Treatment. In common with other authors we 
have found no haematinic or other drug has had 
any effect upon the progressive anaemia or has 
influenced the failure of reticulocytosis. All forms 
of liver, given by mouth and parenterally, folic acid, 
vitimin Bi, and varying preparations and amounts 
of iron have been ineffective, as have arsenic and 
the trace elements such as copper, cobalt, and 
manganese. Owing to the lack of veins we have 
only been able to try an intravenous iron preparation 
on one child, without effect. Latterly we have 
realized that with the likelihood of eventual siderosis 
iron should be withheld after its initial trial. In 
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Fic. 3.—C.T., girl now aged 2 years. Fic. 4.—M.A.P., girl now aged 24 years. 
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any case, sufficient for immediate needs is supplied 
with the transfusions. 

The various vitamins have been tried in high doses 
on one or other of the children without effect. It 
has been suggested that nicotinamide is the vitamin 
responsible for reticulocyte maturation, and two 
patients were reinvestigated from this point of view, 
but no reticulocytosis was obtained. 

In view of the facial similarity of our patients and 
the possibility that some endocrine imbalance was 
present, and bearing in mind the reticulocytosis 
which may follow the administration of thyroxin to 
cretins, we have given, quite empirically, thyroxin, 
antuitrin, insulin, parathormone, adrenalin, testo- 
sterone, and stilboestrol. None has had any effect. 

It has been postulated that a reticulocytogenic 
factor might be required for reticulocytosis. 
Accordingly, plasma was obtained from an adult 
with pernicious anaemia undergoing treatment with 
liver, whose blood showed a reticulocytosis of 57%. 
On two successive days 25 ml. of this were injected 
intravenously into one of our anaemic children 
whose weight was 24 lb. Daily reticulocyte counts 
at the time and during the following two weeks 
showed no rise. Short-wave diathermy to the long 
bones was similarly shown to be ineffective in two 
cases. 

Of Blackfan and Diamond’s two cases which 
underwent spontaneous remission, one recovered a 
year after splenectomy, although the authors were 
sceptical of the part it played. Estren and Dameshek 
(1947) and Dacie and Gilpin (1944) found splenec- 
tomy to be of benefit in refractory anaemia of the 
Fanconi type, and Whitby and Britton (1946) found 
it to be beneficial in aplastic anaemia. One of our 
patients, therefore, had her spleen removed. During 
a convalescence accompanied by chest complications 
and a leucocytosis the peripheral normoblast count 
rose to 3,000 per c.mm. for a few days, but there was 
no corresponding reticulocytosis. This splenectomy 
was entirely speculative. It was not thought that 
‘hypersplenism ’ was likely to be the cause of 
erythropoietic depression alone, and in view of the 
one poor result of splenectomy the remaining 
children have not had their spleens removed. 

The discouraging results reported with the 
transfusion of various types of bone marrow have 
led us not to try this form of therapy. 

The replenishment of the peripheral red cells with 
donor cells as fresh as possible has been the only 
method of keeping these children alive. In view of 
the likely effects of the prolonged anaemia it is 
clearly desirable that the peripheral count should 
not be allowed to fall too far before transfusion. 
We should like to be able to avoid haemoglobin 
levels of less than 70°, but unfortunately all the 





ARCHIVES OF DISEASE IN CHILDHOOD 


children live at considerable distances from London, 
and we have had to aim at a reduction of haemo- 
globin to 50% before blood replenishment. Such 
low levels, frequently lower before transfusion can 
be undertaken, cannot but be harmful in the 
long run. 

The following is the history of one of these 
children showing the typical picture of the con- 
dition, and it illustrates most of the salient features 
and forms of therapy tried. 


Case History 


E.B. (Fig. 1) a girl, was born on March 28, 1945, of 
unrelated, healthy British parents. There was no family 
history of significance. One sister, aged 14 years, and 
one brother aged 4, were both normal. 

There was no neonatal jaundice; the infant was breast 
fed for six months. 

She was first noticed to be pale at 3 weeks of age, but 
remained free from symptoms and thrived until 3 months 
old, when she passed blood in her motions once and was 
taken for medical examination. Extreme pallor was 
observed, the haemoglobin being 24%. A_ blood 
transfusion raised this to 80%. Three more transfusions 
were given in the next two months. After the third 
transfusion she developed otitis media with a discharge 
from the right ear, which cleared up in a few days. On 
September 29, 1945, she was admitted to the Hospital 
for Sick Children for investigation, five weeks after the 
last transfusion. Her right ear began discharging again 
on the day of admission. 

On examination she was seen to be a well-nourished 
rather fat child, very pale, with a slight lemon yellow 
tint. The liver was not enlarged, the spleen just palpable, 
and no enlargement of lymph nodes. The right ear was 
discharging. No other abnormality was found. 

BLoop EXAMINATIONS: R.B.C.s, 1:33 millions ; 
haemoglobin, 30% (Sahli) or 4-2 g. per 100 ml. Colour 
index, 1:13. M.C.D.,7-lu. W.B.C.s, 17,700 per c.mm. 
(polymorphs 10%, stab forms 34%, lymphocytes 54%, 
eosinophils 2%). No premature forms seen. Late 
normoblasts, 170 per c.mm._ Reticulocytes, 0°8%. 
Platelets, 216,000 per c.mm. Mother and child both 
group O (R,r) CDecde. No atypical antibody present 
in the maternal serum. 

Bleeding time, 2 min. 30 sec.; clotting time, 2 min. 
30 sec. Van den Bergh test direct, negative; indirect, 
2:5 mg. per 100 ml. Wassermann and Kahn reactions 
negative; Mantoux test, 1/1,000, negative. 

The marrow counts over a period of four years are 
tabulated. 

A blood transfusion of 500 ml. raised the red count to 
4-86 millions and the haemoglobin to 100%. During 
the next six weeks there was a steady decline in the blood 
count, despite various therapeutic measures, and there 
was no rise in the reticulocyte count above 0-8% on any 
occasion. The child was given iron up to 30 gr. daily 
(the preparation used contained copper, cobalt, and 
manganese); liver by injection and proteolysed liver by 
mouth, vitamin B complex; vitamin C; and thyroxin. 





‘ily 
nd 


ast 


yut 
ths 
vas 
vas 
od 
ns 
ird 
rge 
On 
ital 
the 
ain 


1ed 
Ow 
dle, 
vas 


our 
im. 


Yo 


ate 
1%. 


oth 
ent 


nin. 
pct, 
ons 


are 


t to 
ring 
ood 
1ere 
any 
aily 
and 
» by 


ERYTHROGENESIS 


TABLE 


IMPERFECTA 317 


E.B. MARROW COUNTS 















































Date | 4-10-45 31-10-45 9-1-46 | 1-2-46 | 9-3-46 | 1-11-46| 6°5-47 | 2-7-48 | 3-1-49 
Premyelocytes eat : | 3 3 | 3 
Myelocytes et a” 10 1 2 2 | 1 1 1 3 
Metamyelocytes “3 : | 1 4 5 18 0 | 7 | 3 6 
Stab forms .. .. ..| 23 | 14 3 5 9 7 10 12 5 
Polymorphs .. .. .., «26 =| «15 4 5 7 4 10 4 
Lymphocytes. ..  ..| 18 | 27 2 43 49 67 | 55 0 | 38 
Monocytes | 2 | 1 2 | 
Haemocytoblasts os " j 1 1 | 
Pro-erythroblasts .. | 3 | 10 8 6 1 | 5 1 | 2 
Early normoblasts .. . | 1 12 3 7 5 2 10 2 | 2 
Late normoblasts ..  ..| 44 7 3 9 | 15 1 7 13, | 20 
Myeloid/erythroid ratio | 1/1-5 1:5/1 1/1:1 1-5/1 1-4/1 1-5/1 1/1 1/1-2 1/1-2 











As her ear continued to discharge it was thought that 
this focus of infection might be depressing her marrow. 
As a mixed growth of coagulase-positive Staph. aureus 
and pneumococci was obtained on culture a ten-day 
course of penicillin was given, but this had no effect on 
the aural discharge or the downward course of her 
erythrocyte count. The white count was 27,000 with 
69% polymorphs, and on October 19, 1945, her mastoids 
were opened and mucopus was found in both. 

By November 13, 1945, the red cell count had fallen 
to 2:5 millions without reticulocytosis, and she was 
transfused again. 

She developed an abscess in one mastoid scar on 
November 25, 1945, and on December 8 started an 
attack of pneumonia which was cut short with sulpha- 
mezathine. Apart from these incidents the only change 
was a monotonously regular fall in the blood count 
which necessitated transfusion every four to six weeks. 

OTHER INVESTIGATIONS. Van den Bergh (16.10.45) 
indirect 1-5 mg. per 100 ml.; (13.11.45) 0-4 mg. Blood 
cholesterol level, 95 mg. per 100 ml. Erythrocyte 
fragility normal on three occasions. No spherocytosis. 
The red cells were never found to be sensitized to anti- 
human globulin serum (Coombs, Mourant, and Race, 
1945). Cold agglutinin titre 1 in 4 at 8° C. on one 
occasion. The faeces showed a trace of occult blood 
On One occasion but were repeatedly negative subse- 
quently. No increase of urobilinogen in the urine. 
No free HCl after an alcohol test meal, but free HCl 
appeared within half an hour after histamine. 

Other treatment at this time included HC), adrenalin 
and epinephrin, and varying types of liver preparation 


by mouth and injection, all without producing reticulo- 
cytosis. 

The patient was discharged, and since has been 
admitted every six to ten weeks for transfusion. 

In March, 1947, she had an attack of pneumonia, 
which was accompanied by a leucocytosis of 30,000 per 
c.mm. and was brought under control with penicillin 
and sulphamezathine. In November, 1947, her spleen 
was removed. No accessory spleens were found. She 
had post-operative bronchitis with leucocytosis. In the 
week following operation the peripheral normoblasts 
rose from 300 to 3,000 per c.mm., falling during the next 
week to 170. The peripheral reticulocyte count during 
the month following the splenectomy was never as high 
as 1%. All the routine blood tests at this time were 
materially the same as previously, and the red count 
continued to fall. 

While in hospital for transfusion in March, 1948, she 
developed a unilateral parotitis which cleared up with 
penicillin. On this occasion she was given a course of 
short-wave diathermy to the long bones, without 
reticulocytosis or any visible effect. 

During the admission in October, 1948, her liver was 
found for the first time to be palpable. At this time she 
was given antuitrin G. 1 ml. on alternate days for a 
fortnight, without any notable effect. 

In March, 1949, the tonsils, which had been inflamed 
for the previous six months, were removed. At the same 
time the adenoids were removed and both maxillary antra 
were washed out, pus being found in one of them. The 
removal of these toxic foci improved the general health 
of the child without affecting the persistently falling 
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blood count. At the same time a leucocytosis of some 
20,000 fell to 12,000 per c.mm. 

Since the tonsillectomy no trouble has been encountered 
until the time of writing. During the past few years 
various haematinics such as folic acid and vitamin B,, 
have been tried as they became available; the only form 
of treatment of any avail has been blood transfusion. 
In this particular child there are now no usable peripheral 


veins, and transfusion with packed cells has to be given 
into the external jugular vein. As she becomes bigger 
and needs greater amounts of blood more numerous 
transfusions must be given at each admission, and after 
each the heart and liver enlarge. 

At the age of 5 years and 2 months she is a well grown 
and intelligent girl of 47 lb. (expected weight 40 Ib.). 
She throws off infection readily, but till now has shown 
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no sign of regenerating more than insignificant amounts 
of her own red corpuscles. It appears that her prognosis 
is related to the increasing technical difficulty of trans- 
fusing her, and there is always the possibility of an acute 
infection occurring at a time when the blood count is low. 

A table of marrow counts is included. Marrow 
smears were at all times abundantly cellular, with 
megakaryocytes in normal numbers. The figures show 


that although there is an increase in lymphocytes there 
were also myeloids and red cell precursors on approxi- 
mately normal proportions, with a myeloid/erythroid 
ratio fairly constant around 1. 


Marrow Cultures 
Marrow aspirate taken into a nutrient medium 
may be incubated up to three days, and by smears 
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made serially during this time maturation of the 
marrow cells may be observed. The technique we 
have used was that described by Astaldi and 
Tolentino (1949), in which under aseptic conditions 
marrow is aspirated into a mixture of heparinized 
patient’s own plasma and Tyrode’s solution. 

It seemed possible that this method of marrow 
examination might throw some light on our cases 
of anaemia, and after some normals had served to 
establish a base line and perfect the technique the 
marrow of three of the cases was investigated. All 


three showed what could be seen in the ordinary 
marrow smears, namely, that normal maturation 
from pro-erythroblast to fully haemoglobinized 
normoblast took place, but that at the late normo- 
blast stage no further maturation to the reticulocyte 
occurred. This was in contradistinction to the 
behaviour of a normal marrow, where maturation 
from the late normoblast through the reticulocyte 
to the adult erythrocyte was apparent. 

Fig. 5 shows typical maturation curves in a normal 
marrow, in which the earlier normoblasts are 
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gradually replaced by late normoblasts, manifested 
when eight-hourly counts are done on the cultured 
marrow. For the sake of clarity pro-erythroblasts 
are not shown separately, but are included with the 
early normoblasts. Fig. 6 shows the maturation of 
red cell precursors in a case of congenital anaemia, 
and it is plain that maturation is essentially similar 
to the normal curves of Fig. 5. The curves are 
constructed from the percentages of total erythro- 
blasts counted. 

Figs. 7 and 8 show the difference in reticulocyte 


behaviour between a normal marrow and that from 
congenital anaemia. There would be no point in 
expressing late normoblasts and reticulocytes in 
terms of percentage in the anaemia case, as such a 
graph would consist of straight lines at more than 
99% and less than 1%. Therefore estimations of 
total numbers per c.mm. were made and drawn 
graphically. Fig. 7, from a normal marrow, shows 
the sort of numbers of late normoblasts and 
reticulocytes seen, although these absolute counts 
vary widely from marrow sample to sample and 
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according to the amount of haemolysis which takes 
place during incubation. Fig. 8, from the case of 
anaemia described, illustrates the failure of reticulo- 
cyte production, the actual counts lying usually 
between 50 and 500. 

In two of the cases of anaemia further marrow 
cultures were made in which the nutrient fluid was 
prepared with fresh normal plasma, in the hope that 
we might be supplying some missing maturation 
factor; in neither case was the failure of reticulo- 
cytosis affected.. It was not felt worth while to 
enrich the nutrient medium with isolated haema- 
tinics, because they have consistently failed to be 
effective in vivo. 


Discussion 


It must be confessed at once that the diagnosis 
of so-called congenital hypoplastic anaemia begs 
the issue and is made by a process of exclusion. In 
view of the lack of positive pathology this is not 
surprising; in the only necropsy on record Blackfan 
and Diamond (1944) were unable to find anything, 
apart from considerable siderosis, to correlate with 
the anaemia. 

The condition under discussion differs from the 
usual aplastic anaemias and the familial anaemia of 
Fanconi’s syndrome (1927) in that these show a 
general marrow hypoplasia with reduction of all the 
blood-forming elements, whereas in congenital 
anaemia only the peripheral red cells are affected. 
There is no familial aspect in the recorded cases. 
Two of our five cases are only children, and there 
are six siblings of the other three who are in all 
respects normal. These cases do not resemble 
periodic erythroblastopenia (Gasser, 1949), in that 
some red cell precursors are always present, nor 
are they like the ‘full marrow’ type of aplastic 
anaemia (Rhoads and Miller, 1934), where all the 
cells are primitive. In the pancytopenias due to 
hypersplenism the spleen is usually enlarged and 
the condition responds well to splenectomy, while 
in our case in which splenectomy was reluctantly 
performed the response was negative, as it was to 
any other form of treatment. In effect, the lack 
of red cell regeneration aligns our cases with the six 
referred to by Whitby and Britton (1946) of total 
absence of erythroblastic tissue in the marrow. 
The only reservations to this are that reticulocytes, 
although extremely scanty, have seldom been wholly 
absent, and that two reported cases, at least, appear 
to have undergone spontaneous recovery (Blackfan 
and Diamond, 1944). 

Aetiology. Poisons may be immediately dis- 
missed as the cause of lack of blood regeneration on 
account of the age at which pallor was first noted 
and the fact of breast feeding by healthy mothers. 
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Further, the duration of the condition and length 
of periods of stay in hospital, where the progress 
of the anaemia in no way abated, should exclude 
the possibility of any extraneous factors. 

The infections to which these children seem prone 
have been considered as a possible marrow depres- 
sant, but recovery from these has never been 
accompanied by amelioration of the blood con- 
dition or by reticulocytosis. In accordance with the 
findings of others, notably Diamond and Blackfan 
(1938) and Rubell (1942), the anaemia appears 
to play no deleterious role in recovery from 
infection. 

In considering the possible causes of the con- 
dition we were bound to be struck by the common 
facies. We have seen this facies in other diseases, 
but all our cases of anaemia have had it, as had the 
case of Robson and Sweeney (1948). If this facial 
resemblance means anything it might be due to an 
endocrine cause or might be genetically determined. 
Against an endocrine aetiology is the fact that, 
unlike the treatment of cretins with thyroxin, in no 
case has the blood picture been influenced by the 
various endocrine preparations which have been 
tried empirically. Admittedly, the whole endocrine, 
field has not been investigated, only thyroxin- 
adrenalin, pituitrin, insulin, parathormone, stilbo- 
estrol and testosterone having been given. Against 
the genetic hypothesis is the normal foetal develop- 
ment and the complete absence of any family history 
in our five cases or in those in the literature. The 
cases of familial hypoplastic anaemia described by 
Estren and Dameshek (1947) were of the Fanconi 
type of anaemia with hypoplasia of all the marrow 
elements, and splenectomy was of some benefit. 

The evidence for a maturation factor deficiency 
is equivocal. The normal maturation evident in 
marrow smears, as well as maturation to the late 
normoblast constantly seen in marrow cultures, 
argues against a deficiency factor, at least to the 
stage of development of the haemoglobinized 
normoblast. Also against the lack of some factor 
is the failure of response to any known haematinic. 
And if such a factor were present in the plasma it 
is remarkable that in the many hundreds of trans- 
fusions of fresh and stored blood which have been 
given to our five patients it has never been present 
in sufficient amount to affect the reticulocyte count. 
Further evidence against a deficiency factor is that 
when plasma, which is known to facilitate normal 
maturation and reticulocytosis of a normal marrow, 
is added to cultures of marrow from a case of 
congenital anaemia no reticulocytosis occurs. Two 
points are in favour of there being a maturation 
factor deficiency. First, these children are born 
normal, as far as we know, the earliest case having 
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presented itself at the age of 3 weeks. This suggests 
that a factor might have been acquired from the 
maternal serum during gestation and that its supply 
fails following parturition. Secondly, in none of our 
cases has there been a complete lack of reticulocytes. 
At no time have there been enough to indicate 
participation in blood regeneration. But the fact 
that some, at least, of the normoblasts achieve the 
reticulocyte stage may indicate that a factor, as yet 
unknown, is present in sufficient amount to permit 
slight maturation, but insufficient to produce a 
physiological replacement of obsolete blood 
corpuscles. 

A superficially attractive hypothesis to account 
for the failure of reticulocytosis is that the normo- 
blasts, which have been found up to 1,200 per c.mm. 
peripherally, represent a premature discharge into 
the circulation before they have had time to mature 
to reticulocytes or erythrocytes. Against such a 
theory are the facts that their numbers do not vary 
with the degree of anaemia, that the normoblasts 
fail to mature in culture, and that, although there 
was a transient rise in the peripheral normoblast 
count following our one splenectomy, the rise was 
not sustained, nor was it accompanied by the 
reticulocytosis which was to be expected had the 
spleen been removing the normoblasts before 
maturation. 

Nomenclature. The nomenclature of this type of 
anaemia is unsatisfactory. Refractory anaemia of 
infancy is clearly too non-specific, and the American 
workers have favoured the descriptive term con- 
genital hypoplastic anaemia. The early onset of 
the disease and the marrow picture are responsible 
for the name. The condition does not appear to 
have been recognized at birth, but declares itself 
during the first few weeks or months of life. If, as 
they appear to be, the infants are born with a normal 
blood picture it will not be until some weeks of life 
have passed that the physiological destruction of 
the circulating red cells without replacement will 
draw attention to increasing pallor. The term 
congenital, therefore, may be fallacious. Hypo- 
plastic, similarly, is not always an _ accurate 
description. While Kohlbry (1941) and Blackfan 
and Diamond (1944) noted moderate hypoplasia 
in their cases, and that of Robson and Sweeney (1948) 
showed gross erythroid hypoplasia, and two of our 
cases have also shown a moderate hypoplasia, this 
is not a constant finding. Among our cases of this 
disease two have at all times shown a cellular 
marrow in which, while there is a percentage 
lymphocyte increase, there are sufficient cells for us 
to feel that the absolute numbers of myeloid and 
erythroid cells are normal. That these numbers are 
presumably adequate is shown by the granulocyte 


response to infection. In our fifth case the 
erythroid cells were usually increased proportionally, 
the marrow appearance at times recalling that seen 
in haemolytic anaemia. If hypoplasia were all the 
story, one would expect a moderate erythroid 
hypoplasia to be productive of a moderately reduced 
reticulocyte response, whereas the erythroblasts 
present, even in reduced numbers, seem scarcely to 
mature at all. It seems, then, that as far as the 
marrow is concerned, at least, the term hypoplastic 
cannot be used for all cases. While hypoplastic 
might be used of the peripheral picture with 
justification it will not cover the discrepancy between 
the blood and the marrow. If some such term is 
necessary for the anaemia possibly the word 
non-regenerative should be used, as this would not 
automatically suggest that the marrow is deficient 
in cells. 

Experience has shown that many of the so-called 
idiopathic anaemias are really secondary, their 
aetiology becoming manifest with the discovery of 
some missing factor, and it is probable that in the 
course of time some overaction or deficiency will be 
found to account for the anaemia of these patients. 
At present this factor, if such there be, is completely 
unknown. Yet the marrow pictures and cultures 
indicate -unequivocally that the developmental 
hold-up lies between the late normoblast and 
reticulocyte stages. This hold-up is so clear as 
almost to resemble an inborn error of development 
on the part of the late normoblast. On account of 
the unsatisfactory nature of the term congenital 
hypoplastic anaemia, and by analogy with other 
known developmental errors, it is suggested that 
the condition be called erythrogenesis imperfecta. 
Reluctant as we are to introduce new terms into 
haematology, it is felt that erythrogenesis imperfecta, 
in the light of the experimental observations, 
conveys a truer word picture, and prejudices the 
issue less, than any of the other descriptive titles 
which have been applied to this distinctive form of 
non-regenerative anaemia of infancy and childhood. 


Summary 


Five cases of what has been called congenital 
hypoplastic anaemia are reported, and the history 
of one is described in detail. 

The anaemia is characterized by failure of blood 
regeneration and reticulocytosis in spite of the 
presence of some erythroblasts in the marrow. 

Attention is drawn to the similarity of the facies 
of the cases. 

The results of marrow cultures are presented 
which indicate that red cell maturation fails at the 
late normoblast stage. 
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The aetiology and lack of response to all forms 
of treatment except blood transfusion are discussed. 

The term erythrogenesis imperfecta is proposed 
for the condition, as being less misleading than the 
other descriptive titles. 


I am indebted to the physicians of the Hospital for 
Sick Children for access to their cases, Mr. D. Martin 
for the photographs, and Mr. P. J. Cull for the charts. 
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Neonatal morbidity no less than neonatal 
mortality remains an _ outstanding paediatric 
problem. Numerous investigations have studied 
the frequency with which stillbirths and neonatal 
deaths are due to intracranial trauma. Much less 
that is reliable is known concerning the subsequent 
progress of infants who survive intracranial birth 
injury. A number of published studies deal with 
the clinical diagnosis of intracranial birth trauma, 
but only a small number deal with prognosis and 
an even more limited number with permanent 
sequelae. This paper summarizes clinical observa- 
tions made in the course of a follow-up survey of 
593 infants who were diagnosed as suffering from 
intracranial irritation following birth and who were 
subsequently kept under observation for periods 
varying from six months to five years or more. 


The Literature 


Diagnosis. Huenekens (1923) draws attention to 
the way in which the study of diagnosis of cerebral 
haemorrhage in the newborn has been neglected, 
and comments upon the frequency with which in 
fatal cases doubtful diagnoses are entered on death 
certificates when in reality the cause of death has 
been cerebral haemorrhage. He allows that 
symptoms arising from birth trauma are often 
elusive and recommends that indefinite symptoms 
lacking explanation should always lead to suspicion 
of cerebral haemorrhage. Capon (1922) holds the 
view that symptoms of intracranial trauma are 
readily recognizable except in the ‘ slightest case.’ 
Fleming (1931) on the other hand is of the opinion 
that diagnosis of intracranial haemorrhage in the 
newborn during life is extremely difficult. 

Basing his opinion on a retrospective study of 
cases verified at necropsy as having suffered from 
the late effects of cerebral birth injury, Benda (1945) 
considers that cerebral damage can be recognized 
in most cases immediately after birth, and in all 
cases within a few weeks, or at most, months after 
birth. The view is expressed by Ehrenfest (1922) 


that although small haemorrhages may not give rise 
to any symptoms, signs may develop which are 
strongly suggestive of intracranial trauma but which 
because of their indefinite character or rapid dis- 
appearance, may be attributable to ‘ concussion of 
the brain’ or ‘ fleeting oedema’ rather than to 
haemorrhage. He considers that immediate prog- 
nosis is especially grave where convulsions recur at 
short intervals, and that it is hopeless when a 
paralytic state follows a convulsive phase. 

There is a considerable measure of agreement in 
the descriptions given of symptomatology. Munro 
(1928) lists as important a poor cry, hypertonicity, 
cyanosis, disinclination to nurse, a tense fontanelle, 
apathy, abnormal respirations, ‘ irritable c.n.s.’, and 
nystagmus. Tyson and Crawford (1931) attach 
importance to fretfulness and cyanosis aggravated by 
manipulation. The intermittent nature of cyanotic 
attacks is stressed by Clein (1929). Particular impor- 
tance is attached by Capon (1922) to disinclination to 
suck. Fleming (1931) considers that a bulging 
fontanelle is an unusual finding. Sharpe and 
Maclaire (1924) found changes of the fontanelle 
variable and inconstant. Whereas Fleming (1931) 
considers muscular rigidity as having diagnostic 
value, Capon (1922) states that paralysis is not usually 
a prominent feature. Sharpe and Maclaire (1924) are 
of the opinion that while some infants with intra- 
cranial birth trauma present severe symptoms, the 
clinical picture in others is slight and in some may 
be normal. 

Many writers favour lumbar puncture as a routine 
method of diagnosis. Capon (1922) urges that there 
should be no delay in carrying out the procedure in 
suspected cases. Fleming (1931) considers that 
cerebrospinal fluid which is pigmented or uniformly 
stained with crenated red cells is probably the most 
reliable finding in diagnosis. His view is shared by 
Sharpe and Maclaire (1924) who found blood-stained 
fluid in 13% of 100 babies who represented con- 
secutive deliveries and were lumbar-punctured 
within 24 to 48 hours after birth. Tyson and 
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Crawford (1931) and Munro (1928) attach 
importance to evidences of increased intracranial 
pressure, but the former states that he obtained 
a blood-stained fluid in one of every five 
apparently normal newborn babies who were 
lumbar-punctured. On the other hand Benda 
(1945) declares categorically that a blood-stained 
spinal fluid is encountered so often after birth that 
no significance is to be attached to the finding if it 
is the only one in an otherwise normal child. The 
opinion concurs with that of Smith (1934). Asa 
result of clinicopathological investigations Craig 
(1935 and 1938) concluded that success in securing 
early, reliable diagnosis is dependent not on a study 
of individual signs alone, but on recognition of 
signs (or their absence) in conjunction with physio- 
gnomical observations and observations on the 
behaviour pattern of the infant. 

Immediate Prognosis. In the opinion of Ehrenfest 
(1922) the immediate effect of intracranial birth 
trauma is dependent upon the extent and location 
of the resulting haemorrhage. According to Capon 
(1922) the immediate prognosis is favourable if the 
infant survives the fifth day of life, but caution is 
called for where convulsions and twitching move- 
ments are present and where there is bulging of the 
anterior fontanelle. Fleming and Morton (1930) 
emphasize that the outlook in the case of a pre- 
mature infant is especially poor. Ford (1944) 
describes how in cases which recover early symptoms 
may disappear either slowly or rapidly and how, in 
contrast, some infants remain in a precarious state 
for a number of weeks. The same writer comments 
on the way in which apparent paralysis of one or 
more extremities associated with rigidity, twitching 
movements, or flaccidity may disappear. In some 
cases disappearance is final and complete while in 
others evidence of true paralysis may appear many 
months later. Munro (1930) is of the opinion that 
a ‘ hypertonic baby has more than an even chance ” 
while a ‘ cyanotic baby has less than an even chance ” 
to live. He considers that prognosis is worst where 
cyanosis is associated with apathy and abnormal 
respirations. 

In the experience of Ford (1944) relapses are most 
likely to occur about the sixth or seventh day of life. 
Sustained improvement is most slow in the case of 
premature infants. Craig (1938) draws attention to 
the occasional recurrence of haemorrhage from a 
healing tentorial tear with fatal results in the second 
week following delivery. He considers that signs 
arising from intracerebral haemorrhage are liable 
to violent aggravation after the tenth day of life. 

Ultimate Prognosis. Ford (1944) refers to the 
lack of agreement concerning the nature of sequelae 
which may result from cerebral birth trauma in the 
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newborn, and Munro (1928) comments on the lack 
of evidence concerning the end results of the 
different forms of treatment of infants who survive. 
Accepting that severe cerebral injury can give rise 
to delayed sequelae Ehrenfest (1922) expresses the 
view that it has not been established that similar 
results may follow intracranial birth trauma of 
limited degree. At the same time he points out that 
doubts on this last point are in some measure due 
to the frequency with which the early signs of 
cerebral birth injury are missed. Various attempts 
have been made to correlate the effects of birth 
injury with subsequent physical or mental dis- 
abilities. Some few writers have conducted 
follow-up surveys of infants diagnosed as having 
survived cerebral birth injury. Other writers have 
adopted the reverse procedure and conducted 
retrospective studies of the birth histories of 
children examined on account of various forms of 
handicap. 

Munro (1928) records a series of 117 infants 
suffering at birth from cranial or intracranial 
damage. Fifty-eight of the infants were discharged 
from hospital ‘ relieved or improved.’ Trace was 
lost of ten of these. Of the remaining 48, four were 
established as dying from causes related to their 
cerebral condition, two developed hydrocephalus, 
and one epilepsy. One of the cases of hydro- 
cephalus suffered from fits. Twenty-four children 
were normal in all respects at the age of 24 years. 
Munro concludes that residual phenomena can 
usually be recognized before the first birthday, and 
always before the end of the second year, and that 
the most common late result of cerebral damage in 
the newborn is hydrocephalus associated with either 
epilepsy or idiocy. Benda (1945) considers that late 
sequelae are invariably recognizable by the age of 
9 months. 

In a series of 103 cases of cerebral birth injury 
reported by Fleming and Mortor (1930) 53 survived 
the early weeks of life. Of the survivors, five 
developed mental or physical defects. One of these 
five patients was considered to be a true case of 
cerebral diplegia. Fleming (1931) gives asymmetrical 
paralysis, hydrocephalus and mental deficiency as 
the most common sequelae. According to Anderson 
(1945) cerebral palsies are the commonest finding. 
In Capon’s (1922) opinion paralysis is not usually 
noticed until after the age of 6 months. Roberts 
(1939) considers that of children surviving cerebral 
haemorrhage at birth 75% develop normally and 
that only a relatively small number develop spastic 
pareses. 

Ford (1944) gives clinical details of 33 cases 
showing evidence of disabilities which he considers 
to have resulted from cerebral birth trauma. His 
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findings have led him to conclude that hemiplegia 


is the commonest disability; that monoplegia is 
common, and that in general any impairment of 
mental function is slight and not associated with 
marked personality changes. Ford refers to the 
occurrence in some cases of athetoid movements, 
of unilateral cerebellar ataxia, and of rapid growth 
of the head in the early weeks or months of life. 
In his experience convulsions are common, and mild 
palsies sometimes lessen in degree. He describes 
four cases of double hemiplegia. Striking obesity 
was a feature of a few of his cases. 

Ford considers that ultimate prognosis is not good 
where the presence of a residual disability has been 
established. There is always the possibility that a 
disability may become more obvious with age. 
Epileptiform convulsions are given by Benda (1945) 
as one of the commonest results of birth injury in 
his series of mentally deficient children. He con- 
siders that convulsions are of special value in 
diagnosis because of their relatively early time of 
onset, and that neurological disorders of a motor 
and sensory type rank second in significance. 
Ford emphasizes that the appearance of convulsions 
may be delayed until 10 or more years after birth. 
Epilepsy, regardless of the age of appearance, may 
be associated with mental deterioration and Ford 
is satisfied makes for a poor prognosis. 

Within recent years increasing interest has been 
focused on the possibility of certain disabilities 
formerly attributed to birth injury being in fact 
evidences of developmental errors. This aspect is 
dealt with by Ehrenfest (1922), Ford (1926 and 1944), 
Benda (1945), and McGovern and Yannet (1947). 
There is an increasing tendency to attribute cerebral 
diplegia to errors of cerebral development. Com- 
paring cerebral palsies with palsies of different 
aetiology McGovern and Yannet comment upon the 
high proportion of first born and the smaller 
average size of head among the former, and upon 
the advanced maternal age and the increased 
incidence of prematurity in the latter group. 
According to Ford (1926) the heads of the diplegic 
cases are usually either definitely microcephalic or 
slightly below normal size, whereas meningeal 
haemorrhage causes rapid enlargement of the head. 

Different conclusions were arrived at by Benda 
(1945) as a result of post-mortem studies on 130 
mentally deficient children. His series included 
11 cases of children with spastic paraplegia. Of 
these cases, three conformed to the clinical picture 
described by Little, and at necropsy the cerebral 
lesions were only detectable microscopically. 

In the opinion of Fleming and Morton (1930) 
neonatal symptoms of intracranial irritation offer 
no clue as to the likelihood or otherwise of the 
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development of sequelae. Permanent and complete 
recovery can follow the most violent neonatal 
clinical course, and eventual disability may develop 
in infants who show only slight evidence of stress 
following birth. Fleming suggests that the occur- 
rence and character of sequelae are determined by 
the site rather than by the extent of intracranial 
haemorrhage. Ford (1944) arrived independently 
at similar conclusions concerning difficulties in the 
way of accurate long-term prognosis. He draws 
attention to the scarcity of reliable published 
information on the subject. Rydberg (1932) found 
that of 41 children surviving cerebral birth injury 
only 10 developed normally. Ford does not accept 
Rydberg’s findings as typical and estimates that 
less than 15% of infants surviving cerebral birth 
injury subsequently show evidence of disability. 


The Present Investigation 


The General Plan and Scope. The objects of the 
investigation were twofold. The primary object was 
clinical study of the subsequent development of 
infants diagnosed as having survived intracranial 
irritation at birth. As a secondary objective the 
investigation aimed at correlating sequelae (where 
they occurred) with symptoms recorded during the 
neonatal period, and at applying the findings of that 
correlation to a study of prognosis in relation to 
intracranial irritation in the newborn. 

DuRATION. The clinical investigations forming 
the basis of this paper were begun in March, 1931, 
and completed in October, 1948. During the period 
1938-41 no new cases were added to the series and 
delay occurred in following up a proportion of the 
children included in the investigation before 1939. 

SOURCES OF MATERIAL. Children included in the 
series have been drawn from a variety of sources 
determined by the place and nature of the writer’s 
work at different times. In the total series of 593 
children, 405 were seen in Edinburgh, and the 
remainder in the Home Counties and Yorkshire. 
The series includes 529 childern born in maternity 
hospitals or maternity homes, and 64 born at home. 
Of those born at home, 37 were removed to hospital 
shortly after delivery. A proportion of the babies 
studied in the Home Counties were born in wartime 
emergency maternity homes intended for normal 
deliveries only. 

CLINICAL APPRAISAL. This was concerned with 
diagnosis during the neonatal period of intracranial 
irritation and intracranial birth injury, and with 
recognition at the time of follow-up examination of 
departures from normal physical and mental 
development. 

Apart from a few exceptions children included in 
the series were examined by me personally within 
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two days of birth. The great majority were first seen 
within 24 hours of birth and thereafter at short 
intervals throughout the neonatal period. Particular 
attention was paid to advising midwives and house 
surgeons on the clinical signs to be looked for in 
the early recognition of intracranial irritation. As 
a result, I was enabled to see many more infants at 
an earlier stage after delivery than would otherwise 
have been possible. The suspicions of the resident 
staff were not always confirmed. Cases included in 
the present series consist only of those in which a 
diagnosis of clinical irritation was based on my 
personal observations. 

It was originally intended that children included 
in the series should be re-examined at the age of 
6 months and subsequently at ages approximating 
to their first, third, and fifth birthdays. This proved 
impracticable and it became necessary to re-examine 
children as and when other circumstances permitted 
rather than according to preconceived age intervals. 
Large numbers of children were seen at follow-up 
clinics associated with maternity hospitals. Many 
others were visited in their own homes. Some were 
re-examined by arrangement at infant welfare 
clinics. Follow-up examinations were directed 
towards a clinical assessment of the child’s physical, 
emotional and mental state. The opportunity of 
re-examination was taken to review the history of 
the patient and his family with the object of ensuring 
that no factor likely to cast doubt on an apparent 
association of abnormalities with the natal history 
had been missed. The writer carried out all follow- 
up examinations. 

REcoRDs.—Clinical findings were recorded at the 
time of all examinations during the neonatal period 
and on all subsequent occasions. Negative and 
positive observations were recorded. In every case 
detailed information was obtained concerning the 
pregnancy, the labour, maternal health, and family 
history. 


Clinical Criteria 


Intracranial Irritation after Birth. Flagrant 
evidences of intracranial haemorrhage in the 
mature newborn child of normal size are not 
difficult to recognize. Nevertheless the clinical 
picture presented by the newborn infant with 
intracranial trauma can readily be masked by the 
presence of other factors. Where -asphyxia of 
severe degree exists, signs directly attributable to 
haemorrhage are more difficult to recognize. In 
the premature infant intracranial damage of severe 
degree may give rise to surprisingly slight, even 
fleeting clinical signs. Atelectasis is a frequent, 
if not almost constant accompaniment of intra- 
cranial trauma. The extent to which the clinical 
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features arising from intracranial damage are 
modified by complicating atelectasis varies. 
Haemorrhage in certain forms and under certain 
circumstances may be accompanied by oedema 
which may involve the meninges or the meninges 
and brain substance, and which may be more severe 
in character than the haemorrhage itself. 

Invaluable as clinical signs are in contributing 
to a diagnosis of intracranial birth trauma, final 
decision as to diagnosis requires to take account of 
the antenatal history of the mother and the detailed 
character of the labour considered in relation to the 
maturity and size of the infant. Inevitably reliability 
in diagnosis is most difficult to achieve in those 
cases in which recognizable clinical features are 
minimal either because they are of themselves slight 
or because they are masked by the operation of other 
variable factors, whether related to mother or infant. 
It was realized at the outset of the investigation that 
cases presenting minimal clinical signs were of 
particular importance, and that failure either to 
recognize them or correctly to interpret their 
significance might invalidate any general con- 
clusions. It was decided, therefore, to conduct a 
parallel investigation intended to correlate clinical 
findings during life with pathological findings after 
death in newborn infants showing evidence of 
intracranial haemorrhage at necropsy. The results 
of this other investigation have already been 
published (Craig, 1935 and 1938) and provide the 
basis for clinical diagnosis adopted in the inquiry 
which is the subject of this paper. The two investi- 
gations are to be considered as complementary. 

As a further measure intended to favour greater 
reliability in diagnosis the ante-natal and obstetrical 
histories of all children provisionally listed for 
inclusion in this investigation were subjected to a 
final review. In the few instances where retro- 
spective study of the history and records pointed to 
the possibility of haemolytic disease of the newborn, 
to gross atelectasis persistent for reasons not wholly 
attributable to coincident intracranial irritation, or 
to haemorrhage no matter how slight from the skin, 
the mucous membrane or any of the orifices, the case 
was excluded from the final series. A similar course 
was adopted in the case of a small number of children 
born of mothers whose pregnancies had been 
characterized by abnormal events or experiences, 
which, no matter how remotely, might have inter- 
fered with normal foetal development in utero. 
Account was taken of known exposure of the 
mother to infection, maternal illness, and x-ray 
therapy during pregnancy, and of threatened 
abortion or miscarriage. Any child showing 
evidence of a developmental anomaly was auto- 
matically excluded from the series. Nineteen 
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children were eliminated for one or other of these 
reasons. It is realized that an excessively rigid 
process of exclusion may have been adopted. 
Nevertheless it was felt that the main purpose of 
the investigation could only be achieved if prime 
importance were attached to the elimination so far 
as practicable of possible sources of error. 
Examination of a specimen 
of the cerebrospinal fluid has 
not been considered either 
necessary or desirable in 
arriving at a diagnosis. A 
clear fluid does not exclude the 
possibility of cerebral haemor- 
rhage any more than a blood- 
stained fluid is confirmation of 
the presence of _ cerebral 
haemorrhage. Also it is my 
firm conviction that lumbar 
puncture is not in the interests 
of the patient where the signs 
point to intracranial irritation, 
provided always that there is 
no possibility of meningitis. 
Late Sequelae of Intracranial 
Irritation at Birth. An outline 
of the follow-up procedure 
adopted has already been 
given. Any child who at the 
time of re-examination showed 
evidence of impaired physical 
or mental development or con- 
cerning whom a history of 
epilepsy or of abnormal be- 
haviour was obtained, was 
submitted to a complete 
physical examination. At the 
same time, further particulars 
were sought concerning the 
family history and__ the 
health of previous children, especially of any 
familial tendency to epilepsy or psychopathic history 
in connexion with any member of the family. 
Inquiries were also made concerning any hereditary 
or familial conditions which might not have been 
previously disclosed. In the case of those children 
in whom palsies were found, particular note was 
made as to whether the paralysis was symmetrical 
or asymmetrical in distribution; the degree of 
spasticity associated with the paralysis; and the 
severity of any mental impairment accompanying 
the physical handicap. Account was taken of 
incidental errors of development not previously 
noted. Cases of microcephaly were excluded. In 
the final assessment especial importance was 
attached to evaluation of essentially natal factors. 


Fic. 1.—Infant aged five days with signs of severe intracranial irritation. 


As in the case of criteria applied in diagnosis 
during the neonatal period, a policy of rigid exclu- 
sion was adopted in the case of any child with whose 
handicap there appeared to be a possibility of a 
contributory factor arising from a hereditary back- 
ground, a familial tendency, a developmental error 
or disease in the interval between birth and 





re-examination. Twelve children included in the 
original survey were excluded from the final series 
on these grounds. 


The Clinical Series and Clinical Observations 


Intracranial Irritation after Delivery. The present 
series consists of 593 infants who showed evidence 
of intracranial irritation at some time during the 
first ten days of life and all of whom lived for not 
less than six months and were first re-examined 
about that age. Of the 593 infants, 444 were first- 
born infants. Delivery was spontaneous in 261 
(including 55 breech presentations), instrumental in 
316, and by Caesarean section in 16 infants. The 
316 instrumental deliveries included 36 cases in 
which there was a breech presentation, and 102 cases 
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in which either manual or instrumental rotation of 
the presenting head had been carried out before 
delivery. There were 189 premature infants 
(i.e., infants weighing 54 lb. or less); 338 infants 
born at term; and 66 infants considered to be 
post-mature. 

The cases included in the series are summarized 
in Table 1. 

Clinical Picture in the Early Days and Weeks of 
Life. Early in the course of the investigation, 
attempts were made to group cases according to the 
probable nature and distribution of the underlying 
pathological process. It soon became evident that 
any such grouping might ultimately prove mislead- 
ing. As a preferable basis for study of prognosis 
it was decided to consider cases in groups determined 
by the severity or otherwise of the clinical picture 
present in the early days. Cases composing the 
series under investigation have, therefore, been 
grouped as follows: 

(A) GROSS OR VIOLENT CLINICAL SIGNS. Cases 
in this group include infants showing evidence of 


DAY OF LIFE | 
EXCESSIVE ALERTNESS 
FROWNING FACIES 
ANXIOUS EXPRESSION 
NECK RIGIDITY 
FULLNESS OF FONTANELLE 
VIOLENT EYE MOVEMENTS 
VOMITING 

EXAGGERATED REFLEXES 
CONVULSIONS 

CYANOSIS 

READINESS FOR FLUIDS 


21,3 141]5 
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gross asphyxia followed by the development of 
convulsions; unquestionable neck rigidity or actual 
neck retraction; bulging of the fontanelle and ocular 
signs; and intense physical and mental restlessness 
following a phase of inactivity. Constant findings 
were a strangely anxious expression and a wholly 
unnatural concentration of gaze giving place at 
times to a frowning or scowling expression. The 
frown if not present could often be easily elicited 
by gently flexing the neck. The awareness, and at 
times actual alertness, of these infants were more in 
keeping with an age of several weeks rather than of 
several days (Fig. 1). Vomiting over a period of a 
few days was a frequent finding. So also were signs 
of great exhaustion. In some cases fine tremors and 
athetoid movements were recognizable. In all cases 
there was markedly exaggerated response to external 
stimuli. A slight rise in temperature was common. 
Pulse and respirations showed variations of all 
types and of all degrees of severity. It is sometimes 
stated that a reluctance to take fluids is a feature 
of severe intracranial damage in the newborn. 


WEIGHT 


6171819 


Of tl | 12 ftS [14] 1S | 16 17 


Fic. 2.—Diagram of a case showing gross physical signs of intracranial irritation. 
Prolonged labour; elderly mother; foetal distress; asphyxia at birth. Spastic paralysis noted at 2 months and 


confirmed at 3 years. 


Poor intelligence at 5 years. 


(Appendix: Case No. 590.) 
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While this is the case during such time as severe 
asphyxia persists, the statement is not in accor- 
dance with my own experience, in so far as infants 
who survive areconcerned. Theseinfantsare often 
incapable of indicating their need for fluids, but in 
the hands of a nurse experienced in handling the 
ill newborn infant, can, except during periods of 
convulsive movements, be given the fluid require- 
ments by mouth and without difficulty. As is to 
be expected, weight progress is interfered with, but 
not to a serious extent (Fig. 2). 

Fifty-three infants in the total series showed 
gross clinical evidence of intracranial irritation. 
Of these eight were premature, 36 born at term, 
and nine post-mature. Delivery was spontaneous 
in nine, instrumental in 43, and by Caesarean 
section in one infant. Rotation of the head was 
carried out before instrumental delivery in 22 
instances. 

(B) SEVERE CLINICAL SIGNS. These infants 
(Fig. 3) resembled those in the previous group in 
their exaggerated response to external stimuli, and 
in their alert rather anxious facies. On the other 
hand they showed no evidence of neck retraction, 
and while in many instances there was a fullness, 
there was no taut distension of the fontanelle. 
There were instances of nystagmus and other 
abnormal ocular movements but these had none 
of the violent characteristics of the grossly severe 
clinical picture. Exaggeration of the tendon reflexes 
was constant and many cases showed transient 
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Fic. 3.—Diagram of a case showing severe clinical signs of 
intracranial irritation. 


Instrumental rotation of head and instrumental extraction. 
Considerable bruising at birth. Right spastic hemiplegia 


confirmed at 5 years. (Appendix: Case No. 181.) 





Spontaneous delivery: breech presentation. 
at speech at 3 years: gross mental disability at 5 years. 
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Fic. 4.—Diagram of a case showing pronounced but not 


severe clinical signs. 
First attempts 


(Appendix: Case No. 191.) 


twitching of the face and extremities. Physical 
weakness was not at first a feature. There was, 
however, an element of physical lethargy which 
contrasted with the alert facial expression. The 
lethargy gradually gave place to a noticeable rest- 
lessness. At no time did these infants show any 
disinclination for fluids. Initially their colour was 
slightly cyanosed, but rapidly improved although 
in some cases there was a tendency for mild attacks 
of cyanosis to recur over a period of several days. 
Pulse and respiration, but not the temperature, 
sometimes showed slight departures from normal. 
There was little interference with weight progress. 

Infants in this group numbered 104 of whom 
27 were premature, 56 were born at term, and 21 
were post-mature. Thirty-two infants were 
delivered spontaneously, 69 instrumentally, and 
three by Caesarean section. Instrumental delivery 
followed rotation of the head in 38 cases. 

(C) PRONOUNCED CLINICAL SIGNS. Diagnosis 
in the case of these infants (Fig. 4) depended on 
appreciation of the baby’s unnatural alertness, 
precocious expression, apparent concentration on 
his surroundings, disinclination to sleep and slight 
‘jumpiness ’ when approached—all considered in 
relation to the history of birth. In no other 
respect did these infants give cause for concern. 
Their general physical condition was satisfying 
and improved progressively. There were no 
abnormal movements of face, limbs, or eyes. 
Temperature, pulse, and respiration were normal. 
Usually all clinical signs disappeared in the course 
of three to four days. 

Of the 238 infants in this group, 91 were 
premature, 113 were born at term, and 34 were 
post-mature. Seventy infants were delivered 








332 


spontaneously; 164 instrumentally, and four by 
Caesarean section. Rotation of the head was 
carried out before instrumental delivery in 42 cases. 

(D) ‘ MINOR’ AND TRANSITORY CLINICAL SIGNS. 
These infants (Fig. 5) provided a striking clinical 
contrast to those already described. Their con- 
dition was invariably unsatisfactory at birth. Ina 
way difficult to describe, fragility dominated the 
clinical picture. In much the same way the general 
condition gave cause for more concern than the 
local trauma. There was a pronounced and 
persistent disinclination to take fluids. A cry when 
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DAY OF LIFE 

TY 
DISINCLINATION FOR FLUIDS 
TWITCHING 
NYSTAGMQID MOVEMENTS 
RECOGNIZABLE PHYSICAL IMPROVEME 
WHINING CRY 


Fic. 5.—Diagram showing transitory or ‘ minor ’ clinical signs. 


Spasticity of both arms and left leg and 
deficient development of left leg noted at age of 5 months. 


Spontaneous delivery: frail at birth. 


No. 63.) 


heard was characteristically weak and whining. 
Flickering nystagmoid movements of the eyes took 
place but at irregular intervals so that detection of 
them at the time of any one examination was to 
some extent a matter of chance. The same was 
largely true concerning twitching movements of the 
extremities and to a lesser extent twitching of the 
face. No assistance was to be gained from examina- 
tion of the fontanelle. The weight progress was 
characteristic. With remarkable consistence there 
was a slow gradual decline for some 10 to 14 days 
followed by a prolonged and anxious period during 
which little if any of the loss was recovered. 
Subsequent improvement of the weight was signi- 
ficantly slow and could be measured only over long 
periods. Of particular importance from the point 
of view of diagnosis was the absence of any of those 
characteristics of the facies which were so out- 
standing a feature in infants included in the other 
clinical groups. 

The group includes 187 infants, of whom 63 were 
born prematurely, 122 were born at term, and two 
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were post-mature. Delivery was spontaneous in 
141, instrumental in 40, and by Caesarean section 
in 6. 

(E) DELAYED CLINICAL SIGNS OF CONSIDERABLE 
SEVERITY. This was a small but clearly defined 
group (Fig. 6). The clinical picture was so character- 
istic that sisters and house physicians having seen 
only one case were quick to recognize the resem- 
blance to it on the occurrence of the second. All 
11 babies in this group were large, full term infants 
and delivery of nine was spontaneous. A remarkable 
feature of these nine deliveries was that they were 
all associated either with 
violent pains resulting in pre- 
cipitate delivery, or with 
labours which had been pro- 
longed despite persistently 
strong pains. The remaining 
two of the total 11 cases were 
delivered by Caesarean section 


WEIGHT 


after unsuccessful trial of 
labour. 
Exhaustion rather’ than 


shock dominated the picture 
at birth. Excessive quiet and 
abnormal activity persisted. 
The eyes remained constantly 
open; the expression of the 
face was sullen and frowning; 
the body temperature was low, 
and the pulse and respiration 
were slow. Without exception, 
tendon reflexes were absent 
or difficult to elicit. There was 
no neck rigidity, no bulging of the fontanelle, 
and no cry. Fluids, when offered, were taken 
lazily. The clinical picture remained static for a 
period varying from 10 to 13 days except that 
characteristically the weight fell with pronounced 
rapidity. At the end of that period the eyes showed 
evidence of becoming progressively sunken and a 
phase of slow decline set in. An even more dramatic 
change followed. Abnormal inactivity gave way to 
intense and continuous restlessness. Previously 
unnaturally quiet, the infant began to cry in a 
piercing fashion. The sullen frowning facial 
expression was transformed overnight into one of 
unmistakable and intense fear. In the case of four 
infants this transformation was accompanied by a 
degree of frenzied activity which must be seen to be 
appreciated. Freed from the restraint of cot clothes 
these infants almost flung themselves from side to side 
in a way suggestive of agonizing pain and difficult to 
credit as being possible in babies of such tender age. 
There were noconvulsions. Intensive sedative therapy 
was effective in controlling these developments. 
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DAY OF LIFE 

EXHAUSTION 

SULLEN FACIES 

PIERCING CRY 

GREAT RESTLESSNESS 
CONVULSIONS 

INCREASING PLACIDITY 
RECOGNIZABLE PHYSICAL IMPROVEME 
READINESS FOR FLUIDS 





TEMP. 


WEIGHT 
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Fic. 6.—Diagram showing delayed clinical signs of considerable severity. 


Spontaneous delivery: prolonged labour: foetal distress. 


Nystagmus, ataxia, and doubtful deafness at 2-3 years. 


(Appendix: Case No. 689.) 


Infants and Children Included in the Follow-up 
Survey. All 593 infants included in Table 1 were 
seen and examined about the age of 6 months. Of 
these 593 infants, 306 were followed up to an age 
of not less than 5 years, 55 to the age of 3 years, 
and I11 to the age of 1 year. Several factors 
contributed to the failure to follow up for more 
than three years 40% of children included in the 
original series. In the great majority of cases, loss 
of contact resulted from families changing their 
place of residence, a factor which was appreciably 
aggravated during the war years. Thirty-six children 
are known to have died in the course of the survey. 
Reliable information was not obtained concerning 
the causes of death. 

Residual Phenomena in Children Included in the 
Follow-up Survey. The presence of physical or 
mental disability, separately or coincidentally was 
confirmed in the case of 52 children, and a reliable 
history of convulsions in the absence of evidence 
of either physical or mental disability was obtained 
in four cases. Clinical details concerning the 56 
children involved are summarized in the Appendix. 
Physical disability alone was present in 19 children. 
Physical and mental disability were both present in 
18 children. The mental condition was doubtful 
in four other children with physical disability. 


Mental disability was evident in nine children 
showing no signs of physical handicap and was 
suspected in one other child without physical 
disability. 

Hemiplegia was the commonest form of physical 
handicap, and as in other paralyses was severe in 
some cases and slight in others. Instances were 
encountered of flaccid pareses which showed pro- 
gressive or retrogressive, but gradual, changes in 
severity over limited periods of time. The series 
includes two cases of spastic diplegia which were not 
associated with microcephaly and which were 
considered to be the result of birth trauma and not 
evidence of errors in foetal development. All 
degrees of mental disability were encountered. 
Pronounced personality changes were an associated 
feature in a small number of cases. 

The findings are summarized in Tables 2, 3, 4, 
and 5. From Table 5 it will be seen that while 
physical disabilities were first recognized after 
varying intervals of time following birth the great 
majority were suspected in the first year of life, but 
that instances occurred of physical handicap first 
evidencing itself between the ages of 1 and 6 years. 
In contrast mental disability was not seriously 
suspected in any child under the age of 9 months, 
and in most cases was first suspected around the 
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TABLE 1 


593 INFANTS WITH INTRACRANIAL IRRITATION FOLLOWING DELIVERY 




















Maturity 
Premature Full-term Post-Mature 
Nature of Delivery 
Other than Other than Other than 
First First First First First First 
Pregnancy Pregnancy Pregnancy Pregnancy Pregnancy Pregnancy 
Spontaneous 
Vertex a Ne = 89 18 66 18 10 2 
Breech... vr rep 23 7 14 7 4 
Instrumental 
Vertex a ae me 31 13 89 26 17 2 





Vertex preceded by 
manual or instrumental 














rotation of the head By. 63 24 13 2 
Breech a ey — 5 3 7 11 9 | 
Caesarean Section 2 by 6 7 2 1 
189 338 66 
TABLE 2 


CHILDREN WITH PHYSICAL DISABILITIES 





Number of Cases with 
































Disability Associated Mental Disability 

No Associated Total 

Mental Disability Doubtful Moderate Severe Number 
A B Cc D E F 
Hemiplegia .. es a - 11 l 4 | 17 
Monoplegia .. A = me a l 3 8 
Bilateral asymmetrical paralysis .. 3 1 | 5 
Spastic diplegia* .. ad 2 l | 2 
Hydrocephalus ie ‘oi o 1 1 1 1 4 
Ataxia and/or athetosis.. ™ 2 3 5 
Totals .. va Ks ts 19 aa 12 6 41 





* Neither case showed evidence of microcephaly. 
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TABLE 3 
CHILDREN WITH MENTAL DISABILITY 





Number of Cases with 





Associated Physical Disability 























No 
Associated Bilateral 
Degree of Mental Physical Hemi- Mono- Asym- Spastic Hydro- Ataxia Total 
Disability Disability plegia plegia metrical Diplegia cephalus and/or Number 
Paralysis Athetosis of Cases 
A B Cc D E F G H I 
Severe emotional 
instability (1) (1) 
Mental Disability 
Doubtful aid | 1 1 1 1 5 
Moderate 3 6 4 3 l 1 1 2 18 
Severe .. eos 3 1 I | 3 9 
Totals .. ‘a 10 6 4 2 2 3 5 32 





age of 3 years. Convulsions first occurred in the 
majority of cases involved at some time during the 
first six months of life, but in some few cases their 
first appearance was delayed until about the second 
or third birthday. 


TABLE 4 


CHILDREN WITH CONVULSIONS OCCURRING AFTER THE 
AGE OF THREE WEEKS 























No. of 
Convulsions Cases 
Not associated with physical or mental dis- 
ability As He - - - 4 
Associated with physical disability only .. 6 
Associated with mental disability only 5 3 
Associated with probable mental disability 
only .. he e a - Se 1 
Associated with physical and mental dis- 
ability .. “ft te i me Me 4 
Total .. si es “s am 18 





Discussion 


Limitations of the Investigation. It is important 
that limitations attached to the investigation should 
receive full recognition in any assessment of the 
results. The following are among these limitations: 

(i) The collection of new clinical material was 
subject to interruption during the period 1938-1941, 


thus temporarily interfering with the continuity of 
the investigation. 

(ii) The clinical material included in the investiga- 
tion was drawn from a number of widely separated 
geographical areas in Scotland and England. The 
results, therefore, have no local, geographical, or 
regional significance. 

(iii) Of cases included in the series under dis- 
cussion, over 92°%% were born in maternity hospitals 
and maternity homes with the result that the findings 
of the inquiry inevitably reflect the influence of 
the high incidence of first and abnormal pregnancies 
characteristic of institutional midwifery. 

(iv) Maternity hospitals or hospital departments 
and maternity homes in which children included in 
the investigation were born totalled 12. Obstetrical 
procedures and nursing methods varied from 
institution to institution. General deductions 
concerning aetiological factors are as a result not 
justifiable. On the other hand, the variations in 
obstetrical and nursing procedure in no way 
invalidate deductions which are based on a correla- 
tion of clinical findings with the obstetrical history 
and relate to an individual infant. 

(v) The follow-up survey does not include a 
control series of children with an uneventful 
neonatal history. 

Summarized it may be said that the investigation 
under consideration consists of a clinical study 
based upon material unavoidably obtained in a way 
which precludes any statistical analysis. 

Diagnosis. The clinical observations on which a 
diagnosis of intracranial irritation was based have 
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TABLE 5 


APPROXIMATE AGE OF FIRST RECOGNITION OF RESIDUAL PHENOMENA OR LATE SEQUELAE 





No. of Children 
















































































Age Disability Convulsions 
Physical Mental Associated "7 Alone 
with Disability 
A B Cc | E af 
Birth-l month .... 2 * | 
1/12-2/12 a re” 4 
2/12-3/12 2 oe y 
3/12-4/12 — g 2 
4/12-5/12 2 l l 
5/12-6/12 Pf 
6/12-7/12 a zs 7 I 
7/12-8/12 ae i 1 l 
8/12-9/12 
9/12-10/12_.... th 1 ] 
10/12-11/12_... as 1 
11/12-1 year... 2 
1 year-2 years 5 Ee Il 
2 years—3 years 4 3 ] I 
3 years—4 years 3 7 1 
4 years-—S years | 
5 years—6 years es 1 2 





6 years—7 years 





7 years-8 years 





8 years—9 years 





already been described. In an earlier publication 
(1938) the writer emphasized the importance of a 
physiognomical diagnosis which takes account of the 
obstetrical history, of the maturity of the child, and 
of the condition of the fontanelle. Subsequent 
studies (unpublished) concerned with the correlation 
of observations during life and post-mortem findings 
in fatal cases have confirmed these conclusions. 
Clinical signs were of all degrees of severity. 
They were present within 48 or 72 hours of birth 
in the great majority of cases. Very exceptionally 


their appearance was delayed until the second week 
of life. Violent signs were rarely met with in 
premature infants, whose frail condition tended to 
exercise a ‘damping’ effect on outward evidences 
of intracranial irritation. Moderately pronounced 
evidences of intracranial irritation were not, how- 
ever, confined to premature infants, but occurred 
in babies of all degrees of maturity and size. 

The Underlying Pathology. The term ‘ intra- 
cranial irritation’ has been used throughout in 
preference to cerebral haemorrhage as being more 
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in keeping with the clinical purpose of this study, 
and because it embraces both cerebral and meningeal 
oedema which so often figure largely in necropsy 
findings on fatal cases. 

It is possible to hazard a guess as to the patho- 
logical nature of the underlying intracranial con- 
dition in a proportion of those cases presenting 
severe signs and symptoms. To attempt to do so 
in all cases would have introduced a problematical 
element contrary to the interests of the investigation. 
Allowing this, there is one group of six cases which 
justifies special attention. 

The group consists of the following cases in the 
Appendix, nos. 119, 203, 311, 481, 689, and 698. 
These six children (of whom five were first children 
and one a second child), had in common that they 
suffered from severe mental disability and showed 
evidence of an ataxic gait and/or intention tremor 
and/or athetosis. Three of the six children had 
nystagmus. Delivery of five was spontaneous and of 
one by high forceps. Presentation in one of the 
spontaneous deliveries was a breech. Foetal distress 
was recorded in two instances. Labour was pro- 
longed in four cases, and there were violent pains in 
a fifth. All six children were large at birth ranging 
from 8 lb. to 124 lb., and showed signs of extreme 
exhaustion over a period of several days. In all 
six cases there was delay in the appearance of signs 
pointing to cerebral irritation, and after their 
appearance these signs assumed a violent form. 
The day after birth on which signs of intracranial 
irritaticn appeared varied from the fifth to the 
thirteenth. In many respects the  cbstetrical 
histories and the clinical ccurse in the necnatal 
pericc of these chilcren resemtle those rrevicusly 
descrited in connexion with fatal cases showing 
signs cf grcss intracerebral haemcrrhage at necrcpsy 
(Craig, 1938). It appears possitle, at least, that 
some if not all of the six cases in the present series 
survived intracerebral birth hacen crrhage, ard that 
the haemorrhage, as judged by the clinical mani- 
festaticns, had involved the cerebellum and/or 
mid-t rain. 

A further point of significance is that of cases 
included in the present series, not one presented 
clinical features simulating those descrited in 
connexicn with intraventricular haemorrhage 
(Craig, 1938). 

Prognosis. l1mmediate prognosis is especially grave 
where in the hours immediate ly fcllowirg Celivery the 
infant remains in a state of complete ccllapse and 
persistently pale. Breathing is gasping, shallow, and 
irregular. The pulse is almost imperceptible. The 
state of the fontanelle, the reactions to external 
stimuli, and the temperature afford no information 
of value. In the presence of such a clinical picture, 
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more especially when associated with periods of 
deep cyanosis, death is likely to occur within 
48 hours of birth. 

The occurrence of violent signs and symptoms of 
necessity makes for increased gravity of the 
prognosis but is not incompatible with survival. 
A small number of the infants in the present series 
presented clinical pictures which were among the 
stormiest I had seen at any time. The severity of 
clinical manifestations must be judged in con- 
junction with their frequency, persistence, and 
duration. Pronounced convulsive as distinct from 
mild twitching movements in a premature infant 
more often than not presage death. Violent 
irritability, a bulging fontanelle, intense restlessness 
and convulsions when they appear for the first time 
in the second week of life point to the recurrence 
of haemorrhage or of an unusual pathology, and 
are to be considered of grave prognostic significance. 
Vomiting which begins on the first day or two of life 
and persists in the absence of a primary alimentary 
or urinary cause is of serious significance during 
such time as it lasts. Head retraction of any degree, 
more especially if associated with recognizable neck 
rigidity is strongly suggestive of massive sub- 
tentorial bleeding with its attendant risks of pressure 
symptoms. A full, as distinct from a taut fontanelle 
is, of itself, not of great significance in prognosis. 
Its significance is dependent upon the character and 
severity of other detectable signs. Importance 
attaches to an infant’s readiness to take fluids. In 
the small infant with minor or transitory signs of 
cerebral irritation readiness to take fluids is 
frequently the first evidence of improvement. 
Among infants showing the grosser signs of intra- 
cranial irritation, it is characteristic of those who 
eventually survive that they show a consistent 
readiness to take fluids from the early hours of life. 
In contrast, disinclination for fluids is a frequent 
finding in those newly born infants who ultimately 
die in the first week of life as a result of cerebral 
injury. 

Even in those cases in which presenting signs are 
moderate or only slight, it is a wise rule to postpone 
giving an unreservedly confident immediate prog- 
nosis until the end of the first week. Relapses are 
liable to occur on the third day, but more especially 
on the fifth or sixth day. On the other hand it is a 
common experience, particularly where the patient 
is a full-term infant, to find improvement which 
previously has been vague, assuming definite form 
on or around the seventh day of life. 

As a case of intermediate severity responds to 
treatment, twitching and convulsive movements 
disappear; responses to external stimuli lose some 
of their violence; movements of the eyes become 
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less and less agitated in character; in succession the 
frown disappears from the brow, the apprehension 
from the expression, and the concentration from 
the gaze; and eventually the eyes from being 
continuously open remain closed. Changes in the 
fontanelle tend to lag behind the disappearance of 
other signs. Depending upon its condition shortly 
after the delivery, the fontanelle becomes less tense 
and bulging so that it conveys an impression of 
* boggy fullness ’ to the examining finger. Eventu- 
ally, although it may not be until the third or fourth 
week of life, the fontanelle conforms with the usual 
normal findings. 

As improvement in the general condition becomes 
more evident, various minor changes occur which 
collectively justify confidence in prognosis. The 
infant sleeps unbrokenly between feeds. His cry 
when hungry assumes a normal character where 
before it was either petulant or infrequent. Move- 
ments of the tongue which were restless and lacking 
apparent purpose become rhythmic. To hear the 
infant ‘ smacking his lips ’ as he fixes on the breast 
or teat with obvious satisfaction is a reliably 
reassuring sign. So also is the way in which as 
their condition improves these infants can be seen 
lazily stretching their limbs. The picture is one of 
contentment and replete satisfaction. 

Pulse and temperature observations have a 
prognostic value in a limited number of cases only. 
An appreciably raised temperature is not often 
encountered. 

A detailed study of the obstetrical and clinical 
histories of the 56 children who developed residual 
phenomena or late sequelae affords no clue as to 
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12 premature infants. Of the other 44 infants, nine 
were recorded as being asphyxiated at birth 
(Table 6). 

Correlation of the clinical picture during the 
neonatal period with the clinical findings noted in 
the course of the follow-up survey does not suggest 
that the severity of the early post-natal signs bears 
any direct relation to the likelihood of residual 
phenomena developing, or to the nature of the 
phenomena in those cases in which they do develop 
(Table 7). Of the premature infants who ultimately 
developed physical or physical and mental disability, 
not one had presented violent or gross signs during 
the early days or weeks of life (Table 7 and 
Appendix). On the other hand, among infants 
weighing more than 54 Ib. at birth, there were many 
instances of violent neonatal clinical courses being 
followed by uneventful physical and mental develop- 
ment, and a number of examples of severe disability 
(physical and/or mental) occurring as sequelae 
despite the fact that signs of intracranial irritation 
following birth had been minimal (e.g., Appendix, 
Case Nos. 191, 396, 580, 611). The one exception 
to this generalization is that prognosis with regard 
to physical and mental development is especially 
poor in cases of the type which suggests survival 
from intracerebral haemorrhage. One baby in this 
last group was noted as being markedly obese when 
re-examined at the age of 5 years (Appendix: Case 
No. 481). 

Symptoms may be measured by their severity. 
They may be measured also by their duration 
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of infants developing sequelae was that whereas 
in 12 premature births there was only one 
instance of rapid delivery and one case 
of foetal distress, in the births of 44 infants 
each weighing over 54 lb., foetal distress was 
recorded in seven, prolonged labour in 11, violent 
pains in two, and precipitate delivery in one. There 
was no evidence of asphyxia at birth in any of the 


Fic. 7.—Diagram showing duration of neonatal symptoms. 
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infants whose records were sufficiently 


detailed for inclusion in this figure. 


regardless of their severity. Fig. 7 shows the 
duration of neonatal symptoms of intracranial 
irritation in infants of the present series according 
as they did or did not subsequently develop residual 
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ANALYSIS OF DATA OF 56 CHILDREN SHOWING RESIDUAL PHENOMENA OR LATE SEQUELAE IN RELATION TO 
NATAL FACTORS 


339 





Number of Children 





Late Sequelae 















































Place in | and/or Residual 
Family | Labour Delivery - Phenomena 
a 
Birth | Spontaneous | Instrumental Asphyxia Disability 
Weight —'!_ —____ ___ at oe ——_ —— 
(Ib.) 3 | ai Caes. Birth > 
tes — 
Zi§ |2\¢ & 55 S_ § 
& | so | Alm). as ain. tae 
SC spEIEIS/5/2/ 5 | § |S SEK FB 2/2 28 & 
2B s0U(8ielsis|5 | 8 15 bg 8 2|S z= & 
Kio |\Hl\/al|> (eM) > | a | > HBE ee hiak |0 
A B e | Dini? |G H I J K L M N Orr | @ is 
53 and | 
under 5 77 | 1 1 7 3 2 8 3 1 
103 and | 
over 53 28 12 | 7|% 2 1 16 ¥ 12 8 1 it 6 15 71 3 
Over 103 2 2 | 1 | 2 1 3 1] 1| 2 
| 
| | 
Manual or instrumental rotation, 


One may have been first child. 
After failed forceps. 


+++ # 


TABLE 7 


CORRELATION OF NEONATAL CLINICAL PICTURE AND NATURE OF RESIDUAL PHENOMENA IN 56 CHILDREN 
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phenomena. The number of children showing 
permanent effects is too small to allow of firm 
conclusions. Nevertheless the figures in the diagram 
do suggest, at least, that a persistence of neonatal 
symptoms of intracranial irritation may be more 
characteristic of the histories of children who develop 
sequelae than those of children who survive intra- 
cranial irritation without subsequent disability. 
The possibility merits careful investigation in view 
of its obvious bearing on treatment. 

A point of some importance in relation to 
prognosis is the delay which may take place in the 
first appearance of residual phenomena (Table 5). 
Study of the 56 children in whom such phenomena 
developed affords no clue as to which cases are 
liable to develop late sequelae, or as to which cases 
known to have some form of disability are likely to 
be further complicated by disability of another kind 
or by convulsions. 

Treatment in the Neonatal Period. The keystones 
to treatment are prevention, anticipation, and 
simplicity. Prevention is primarily an obstetrical 
responsibility. Anticipation is the concern of both 
obstetrician and paediatrician. Responsibility for 
instituting simple therapeutic measures and for 
reducing disturbance to a minimum rests with the 
paediatrician and the midwife or maternity nurse. 

From the paediatric point of view, anticipation 
should begin with appreciation derived from a study 
of the obstetrical history of the possibility, at least, 
of intracranial trauma, and with recognition at the 
earliest possible moment of signs at all suggestive of 
intracranial irritation. Even a tentative diagnosis 
calls for immediate transfer of the infant to a room 
where he can be assured of complete quiet. For the 
necessary degree of quiet there must be no banging 
or constant opening and shutting of doors, and no 
unnecessary bustling to and fro of nursing staff. 
Visitors must be excluded. Draughts must be 
eliminated. The baby must be shielded from direct 
light whether natural or artificial. Body temperature 
must be maintained. The nurses in attendance 
should be selected for their experience in handling 
the ailing newly born child, and because of their 
proved ability to feed and attend to the toilet of 
infants with the minimum of disturbance. 

Lumbar puncture is contraindicated even where 
the diagnosis remains in doubt. The operation is 
not a difficult one, but the extent to which the infant 
may be disturbed is too dependent upon the skill in 
handling by physician and nurse. Symptoms can 
readily be aggravated by inexpert handling and 
while immediate prognosis may not be materially 
affected, too little is known of the effects on ultimate 
prognosis to warrant lumbar puncture being 
undertaken other than in exceptional circumstances. 
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I have 
seen several cases in which lumbar puncture has 
precipitated a change for the worse in the general 
condition, but have not encountered any case in 
which there has been completely convincing proof 
of clinical improvement following lumbar puncture. 


Nor has lumbar puncture a place in therapy. 


The position of the child is important. If there 
is a tendency for secretion to collect in the air 
passages the infant should be kept flat. Otherwise 
the head of the cot should be raised, and the child’s 
head further elevated by propping him up slightly 
on firm pillows. Oxygen should be administered to 
all severe and moderately severe cases, to all infants 
who are premature, and to any case showing 
evidence of cyanosis whether transitory or per- 
sistent, and whether severe or slight. An oxygen 
chamber is always desirable. The value of a face 
mask is open to question and may contribute to 
restlessness, and the use of a nasal catheter is 
inadvisable on account of the risks of trauma to the 
nasal mucosa. 

Medicinal therapy is of first importance. In my 
experience, there is rarely, if ever, occasion for use 
of any preparation other than chloral hydrate. The 
advantages of the drug are that it can be employed 
in relatively large doses at short intervals, and that 
its influence can be easily and rapidly adjusted to 
meet changing requirements by alteration of the 


_ dosage or the interval between doses or both. 


Failure of chloral hydrate to prove effective is almost 
invariably, if not always, due to inadequate dosage. 
In cases of extreme severity, one grain can be given 
half-hourly until violent symptoms are controlled. 
Subsequent dosage should be determined in the 
light of the persistence and severity of signs, of the 
degree of somnolence if-present, and of the infant’s 
readiness or otherwise to take fluids. Chloral 


hydrate does not give rise to gastric irritation in the Fj 


newborn. It should never be withdrawn suddenly. 
Dosage should be reduced very gradually, reduction 


lagging behind successive evidences of improvement 7) 


in the clinical condition. The drug should continue 
to be administered in half grain doses three or four 
times daily for several days after the complete 
disappearance of all symptoms. 

An infant with signs, no matter how slight, 
suggestive of intracranial irritation, should not be 
lifted from his cot. Oesophageal feeding may be 
necessary in the case of small infants, but in general 
babies with intracranial irritation take fluids 
satisfactorily from a spoon if feeding is in the hands 
of an experienced nurse. There is no call for 
restriction of fluids or for any special modification 
of feeds on account of the infant’s intracranial 
condition. It goes without saying that breast milk 
should be given wherever possible. The decision 
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as to. when a child who has.been-under observation-- ° 


or treatment for intracranial irritation should be 
put to the breast must rest with the paediatrician 
who should be present on the first occasion. Where 
symptoms of intracranial irritation have been slight, 
two days should be allowed to elapse between their 
disappearance and the beginning of feeding at the 
breast. In severe cases a much longer interval must 
be insisted upon, account being taken of the child’s 
general condition. 

I have not been convinced of the claims made for 
rectal hypertonic salines. Injections of this sort are 
by no means always retained and they are liable 
to cause unwarranted disturbance of the patient. 
The same can be said of vitamin K preparations 
administered hypodermically. Clinical experience 
has not suggested that vitamin K_ given after 
delivery influences the course of intracranial 
haemorrhage resulting from trauma, and the practice 
has been adopted of limiting its use to premature 
infants, in whom there is a greater likelihood of 
there being an associated hypoprothrombinaemia. 
Penicillin should be given orally when there is any 
suggestion of excessive secretion in the respiratory 
passages, when there is reason to suspect the 
presence of extensive atelectasis, or when there is a 
history of foetal distress. 

A further point which requires emphasis is the 
frequency with which the prospects of an infant who 
has been born at home and who shows signs of 
intracranial irritation are prejudiced by precipitate 
and sometimes panic-like removal to hospital. 
Transfer under these circumstances should not be 
lightly undertaken, no matter how unsatisfactory 
the home conditions. Every effort should be made 
to secure the services of a district nurse or maternity 
nurse if one is not already in attendance, and 
intensive sedative therapy should be given trial, it 
may be over a period of two or three days before 
the infant is subjected to the risks entailed in 
removal. Premature transfer and _ ill-considered 
handling in the course of transfer undoubtedly 
contribute to avoidable deaths in infants with 
cerebral birth trauma. 

Treatment is not complete which does not have 
regard to the emotional distress undergone by the 
parents. Mere mention of intracranial injury or 
suspected intracranial injury inevitably gives rise to 
understandable fears in the minds of the parents of 
anewly born infant. Their cooperation and confi- 
dence can best be won by a simple, sympathetic but 
strictly honest explanation of the probable course 
of evenis. 

Prognosis is more likely to be reliable if it attaches 
as much importance to the obstetrical history as to 
the clinical symptoms presented by the child. The 
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fact that a delivery -has been instrumental is of less 
importance than the related circumstances of the 
delivery. A history of foetal distress or of severe 
asphyxia, whether the infant be premature or 
mature, is of greater significance than the fact that 
instruments were applied. Rotation of the head, 
whether manually or instrumentally, before forceps 
extraction tends to favour the occurrence of intra- 
cranial irritation. So also do prolonged labour, 
violent pains, and precipitate delivery—irrespective 
of the size of the infant. 

Asked as to the prospects of immediate survival a 
guarded prognosis is called for until the end of the 
first week, but greater encouragement can be given 
with survival of each day after the fourth or fifth. 
Concerning ultimate prognosis, and subject to there 
not being already presumptive evidence of permanent 
disability, the clinician is entitled to emphasize the 
relative rarity with which sequelae occur in children 
who survive the neonatal period. He is under an 
obligation to reassure the mother on the grounds 
that severe symptoms at birth bear no constant 
relation to the likelihood of subsequent disability. 


Summary 


Clinical observations made over a period of 17 
years in the course of a follow-up survey of 593 
children diagnosed as having survived symptoms of 
intracranial irritation following birth are sum- 
marized. The investigation is a continuation of 
earlier published clinicopathological studies of 
intracranial haemorrhage in the newborn. 

The histories and clinical findings of all children 
were carefully considered in relation to the possible 
operation of any familial, hereditary, or develop- 
mental factor. Children in connexion with whom 
any such factor was established or suspected were 
excluded from the series. 

Children included in the series were examined 
personally within two days of birth, on several 
occasions during the neonatal period, and subse- 
quently at varying intervals over a period ranging 
from one to five years. 

Of the 593 children included in the series, 472 
were followed up to the age of 1 year, 361 to the 
age of 3 years, and 306 to an age of not less than 
5 years. 

Neonatal symptoms of intracranial irritation are 
grouped according as they were violent (53 cases), 
severe (104 cases), pronounced (238 cases), 
mild or transitory (187 cases), or delayed (11 
cases). 

The presence of physical or mental disability, 
separately or in association was confirmed in the 
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case of 52 children in the course of the follow-up 
survey. A reliable history of convulsions was 
obtained in the case of four other children without 
other handicap. 

Physical disability was found alone in 19 children, 
and in association with severe mental disability in 
six, with moderate mental disability in 12, and with 
doubtful mental disability in four children. Hemi- 
plegia was the most common physical handicap 
(Table 2). 

Mental disability without associated physical 
handicap was present in nine children. Of these, 
mental handicap was of severe degree in three and 
of moderate degree in six (Table 3). 

Physical handicap in the case of the 41 children in 
whom it was present was detected under the age 
of 6 months in 16, between the age of 6 months and 
1 year in 12, and over the age of 1 year in 13. Of 
the 27 children in whom it was confirmed, mental 
disability was first suspected under the age of 12 
months in one, between the ages of 1 year and 
4 years in 13, and after the age of 5 years in two. 
Information on this point concerning 11 children 
in the group was unreliable. 

Convulsions occurring after the first three weeks 
of life were a feature of 18 cases. They were 
associated with the presence of physical and/or 
mental disability in 14 cases. The time of their 
first occurrence varied. In 13 infants epileptiform 
attacks began within the first seven months of 
life; in four children between the ages of 1 
and 4 years; and in one child after the age of 
8 years. 

It is emphasized that the investigation consists of 
a clinical study based upon clinical material 
unavoidably selected in such a way as to preclude 
any statistical analysis. 

The importance of physiognomical diagnosis and 
of study of the behaviour pattern of the infant in 
arriving at a diagnosis of intracranial irritation in 
the newborn is emphasized. The clinical picture 
as it is found in the premature infant is contrasted 
with that encountered in the child born at term or 
after term. It is suggested that infants in whom 
symptoms of severe cerebral irritation arise from 
gross intracerebral haemorrhage present a character- 
istic clinical picture. 

Immediate prognosis is discussed. It is con- 
sidered that severe asphyxia and/or early violent 
signs while adding to the gravity of immediate 
prognosis are not incompatible with survival. The 
possibility of relapses occurring towards the end of 
the first week of life is stressed, and the especial 
dangers of violent signs delayed in their first 
appearance until the second week of life are 
emphasized. Importance is attached to study of the 
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facies and behaviour pattern of the infant as of 
greater aid in determining prognosis than observa- 
tions concerning changes in the state of the 
fontanelle and the character of the cry. Special 
value attaches to readiness to take fluids as justifying 
a certain measure of sober optimism. 

Ultimate prognosis is considered in relation to 
the nature and severity of symptoms presenting in 
the early days of life. Symptoms of intracranial 
irritation in the neonatal period are considered to 
offer no reliable indication as to the likelihood of 
permanent sequelae developing, or as to the nature 
or time of development of residua should they 
subsequently appear. Infants in whom severe 
intracerebral haemorrhage is suspected constitute a 
possible exception. 

It is suggested that the fact that a delivery has been 
instrumental is of less importance than related 
circumstances of the delivery, and that irrespective 
of the size or maturity of the child, and of the 
precise method of delivery, significance attaches to 
a history of foetal distress, severe asphyxia, pro- 
longed labour, violent pains or precipitate delivery 
where a newborn infant shows any signs even 
slightly suggestive of intracranial irritation. 

Simplicity in treatment is urged. Expert nursing 
care is essential. Handling should be reduced to a 
minimum. Absolute quiet and protection from 
external stimuli are important. Body temperature 
and adequate fluid intake must be maintained. 
Position is important. Lumbar puncture is contra- 
indicated. Chloral hydrate is the drug of choice, 
given early, in large doses and frequently. 

The view is held that the standards of nursing and 
medical care and the methods of treatment employed 
certainly have a direct bearing on immediate 
prognosis, and may have a bearing on ultimate 
prognosis by limiting the time during which 
symptoms of intracranial irritation persist. 

Importance is attached to responsibility for the 
nursing care of newly-born infants with signs of 
intracranial irritation being given to nurses with 
special experience and training in the nursing of 
ailing newly-born and premature infants. 

Precipitate transfer to hospital of a newborn 
infant born at home and showing signs of intra- 
cranial irritation is condemned as contributing to 
avoidable deaths. Greater use of facilities for 
domiciliary nursing care and careful selection of 
time for transfer to hospital (if eventually necessary) 
are advocated. 

It is the rare exception and not the rule for an 
infant who survives signs of post-natal intracranial 
irritation and in whom there are no signs of residual 
disability during the neonatal period, to develop 
permanent sequelae. 
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This investigation has only been made possible by the 
unstinted help received from colleagues in different parts 
of the country. To name a few would be to show lack of 
appreciation of the many. I can only express my deep 
indebtedness to the obstetricians, family doctors, medical 
officers of health, maternity and child welfare medical 
officers, midwives, health visitors and district nurses who 
constitute ‘ the many.’ 
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APPENDIX 


DETAILS RELATING TO CHILDREN SHOWING RESIDUAL PHENOMENA OR LATE SEQUELAE 
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High forceps. Severe 


asphyxia and bruising | 


at birth. Convulsions 
during first 48 hours. 


and appreciably smaller 
than L. leg (9 months). 


emotionally unstable. 


Age(s) at 
; which Ante-natal and Natal Evidences of 
Series | Examined History: Other 
Number | (yrs.) Salient Features Physical Disability Disability of Mind Observations 
A | B c | D E F 
18 | $29:335 B.W. 94 lb. C.1. | R. lower limb spastic | Moderate mental defect: Convulsions at age 3 


months and 2 years. 
































23 B.W. 63 lb. C.l. | Spastic R. arm and | Moderately severe dis- -| Emotionally extremely 
Prolonged labour. For- . leg (6 months). | ability (2 yrs.). restless. 
ceps delivery. Frail | Mild hydrocephalus. 
condition. Twitching | 
of extremities. | 

24 B.W. 7 tb. C.2. | Pronounced delay in | Speech and behaviour; Convulsions at age of 
Foetal distress. Vertex | sitting up and walk- | babyish at 34 yrs. 6 months and 14 
presentation. Forceps | ing. months. Head grew 
delivery after manual abnormally rapidly dur- 
rotation. Severe con- ing first 4 weeks. 
vulsions. 

42 B.W. 8% lb. C.2. | Hydrocephalus sus- | Doubtful. Clinical picture of ex- 
S.D. following pitres- | pected at age 6 wks. treme irritation per- 
sin. Violent terminal | and confirmed at age sisted for 2 weeks after 
pains. Restless. Con- | 3 months. birth. Condition critical 
vulsion 2nd day. Full for 4 weeks. 
fontanelle. 

63 B.W. 4 Ib. C.1. | Spasticity of both arms | Doubtful. General physical con- 
$.D. Exhaustion and | and L. leg (5 months): dition poor. 
frailty : nystagmus: | deficient development 
twitching of extremi- | L. leg. 
ties. 

77 B.W. 8 Ib. C.l. | L. hemiplegia (6 Died at time of recur- 
Forceps. Severe as- | months). rence of convulsions at 
phyxia. Convulsions age 2 years. 
during first 48 hours. 

119 B.W. 8} lb. C.1. | Coarse ataxia involv- | Severe. Intense rest- | Slow improvement dur- 
S.D. Unnaturally | ing limbs and trunk, | lessness of mind and | ing age period 3 weeks- 
quiet at birth. Twitch- | and divergent strabis- | body apparently pro- | 3 months. 
ing of extremities, | mus (44 months). gressive from early days. 
cerebral cry, and gross 
physical weakness de- 
veloped about 13th 
day. 

131 B.W. 6% Ib. C.l. | Poorly developed L. | General behaviour in | Died as a result of 
Forceps. Asphyxia. | leg—noticed at 11 keeping with moderate | ? laryngitis aged 4 years. 
Convulsions age 7 | months. disability. 
days. | 

140 B.W. 64 Ib. C.1. | Not walking at 34 | Not talking and 
Prolonged labour. For- | years. almost certainly im- 
ceps. Frail. Mild con- | paired mentality at 34 
vulsions during first | years. 

24 hours. 
C.1=First child; C.2 =Second child, etc.: B.W.=Birth weight. 
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—_ . : 
Approximate 
Age(s) at 

which Ante-natal and Natal Evidences of 
Series Examined | History: Other 
Number (yrs.) Salient Features | Physical Disability Disability of Mind Observations 

A B Cc | D E | F 

154 4:31:44 B.W. 72 Ib. C.1. Severe. Vicious tem- | Poor general physical 
S.D. Anxious expres- perament. Extreme | development. 
sion: too alert: slight restlessness. Little | 
transient bogginess of power of concentra- | 
fontanelle. tion. | 

163 4:3:5 B.W. 5 lb. ? place | Spasticity of legs noted Present—degree diffi- | Attending special school 
in family. S.D. Frail. | at 3 months, and some | cult to assess. at age 84 years. 
Disinclination for | stiffness of arms at 
fluids. Nystagmus. | 6 months. Picture 
Weak convulsive | typical of spastic 
movements. Slight | diplegia at time of 
fullness of fontanelle. examination at 5 

years. : 

165 $+:035 B.W. 114 lb. C.1. | Slight paralysis R. arm | Behaviour rather child-| Condition of R. leg 
Instrumental _rotation and R. leg first noticed | ish but not of degree | showed improvement at 
and extraction. As- | at 7 months. to suggest disability of | age 5 years. 

| phyxia: facial paresis: mind. 
convulsions: vomiting. 

181 £535 B.W. 10 Ib. C.2. | General physical de- Nil. Stated to be above 
Instrumental rotation velopment slow. Wt. average at school at 
and extraction. Gross | at 6 months 134 lb. age 11 years. 
cephalo-haematoma and at 1 yr. 17 Ib. 
and facial bruising. Noted at 3? yrs, to be 
Very alert. Slight con- clumsy with R. hand 
vulsions. and dragging R. foot 

at 4 years. R. spastic 
hemiplegia confirmed 
at 5 years. 

191 $:1:3:53 B.W. 8% lb. C.1. Weight progress satis- | Foolish expression | Considered ineducable 
S.D. Breech presenta- factory at 6 months | noted at 1 year: no j at 7} years. 
tion. Alert expression: | but not holding head | concentration. — . First 
frowning: too awake: up. No paralysis at | attempts at speech 3 
slight fullness of | 3 years or 5 years. years. Gross mental 
fontanelle for 4-5 days. disability at 5 years. 

203 1:3 B.W. 9 Ib. C.1.  Athetoid movements Severe—of imbecilic | Expressionless facies: 
Prolonged labour. Ex- and tremor of head degree (9 months). constant drooling. 
treme exhaustion. In- (11 months). Ataxic 
tense restlessness with gait (24 years). | 

| cerebral cry commenc- | 
ing 10th day. Expres- | 
sion of fear. Gross | 
loss of weight. Re- | 
covery gradual over 
weeks. 

230 $:3:14:4 B.W. 6 lb. C.1. | No localized impair- | Moderately severe dis- 
Foetal distress. Instru- | ment on_ physical | ability. Furtive ex- 
mental rotation and examination at 3 and | pression. Restless. De- | 
extraction. Intense 6 months and at 14 structive. Little con- 
restlessness: painful and 4 years but slow | centration. Shuns other | 
cry, twitching for seven | to sit up and walk. children and is shunned | 
hours. | by them. All devel- | 

| oped gradually after 3rd | 
| birthday. 

233 $:$:1:5 B.W. 53% lb. C.6. | R. hemiparesis gradu- | Subnormal mentality | Not attending school at 
Precipitate delivery fol- | ally assumed spastic | at 5 years. Parents | 7 years. 
lowing prolonged | form during first 10 | first anxious at age of 
period of poor pains. | weeks of life. R. leg | 3 years. 

Limp. Disinclination | poorly developed at 

for fluids. Nystagmus. | 12 months. 
Facial twitching. Flac- 
cid paresis R. limbs. | 





S.D. =Spontaneous delivery. 


C.S.=Caesarean section. 
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243 | «4:$:1:4:5 aw. 7 & Ci. Salaam convulsions in 
Forceps. Excessive infancy. Grand mal 
alertness, nystagmus, superimposed at age 2} 
apprehensive facies years. 
several days. 


























Forceps—delayed 2nd 
stage—rotation of head 
manually. Severe head 


moulding. High 
pitched cry: facial 
paresis : twitching : 
nystagmus : darting 
tongue. 


arm noted at 6 months. | 


260 3:1 B.W. 5 Ib. C.3. | Large head noticed at 
S.D. Breech presenta- _6 months. Hydro- 
tion. Nystagmus and | cephalus confirmed at 
slight fullness of | time of examination at 
fontanelle. Frail. 1 year. Circumference 

then 224 in. 
| 
269 | $:1:3 B.W. 73 |b. C.3. | Delay in walking. Dis- | Some disability sug- 
Manual rotation of | inclination to use R. | gested by delay in first 
head forceps delivery. | arm noted at4 months: | attempts at speech until 
Convulsions on first | flaccid paresis of R. | age of 3 years, and by 
day. Excessively alert. | arm and leg | abnormal degree of 
Vomiting. suspected at 1 year | constant restlessness: 
| and confirmed at 3 
| years. 
300 | 4:13:6 B.W. 34 Ib. C.2. | L. hemiplegia noted at | No recognizable Convulsions at 6 weeks 
Forceps. Frail, whin- | 15 months; said to | disability although | and 11 weeks. 
ing, disclination for | have been noticed at | ‘ scholastically’ child 
| fluids, slight twitch of | 7 months. Poor gen- | said to be behind his 
face and extremities. eral condition at 5 | classfellows. 
years. 
309 | 4:14:44 B.W. 7} Ib. C.1. | Slight stiffness of legs | Some disability. Began attendance at 
S.D. after pains of | suspected at 3 months. | Moderate in degree. special school at age 
25 hours’ duration. | Definite adductor 64 years. 
Distress at birth. | spasm of legs present 
Agitated expression | at 15 months, also 
and movements of eyes. | doubtful athetoid 
Convulsions 2nd day. | movements of arms. 
| At 44 years typical 
| picture of cerebral 
| | diplegia. 

311 =| = 21324 B.W. 8 lb. C.1.| Slow in sitting up. | Gross. Aggressive tem- | Constant restlessness of 
S.D. Short labour | Unsteady gait at 2 | perament. Destructive. | mind and body. 
terminating in  ex- | years. Coarse tremor | No affection for 
tremely violent pains. | on purposive use of | parents. Dirty in 
Extreme exhaustion of | hands or arms. habits. Foolish speech. 
mother and_ child. | 
Infant limp one week 
then violently restless 

| for several days. Sub- 
sequent progress very 
| slow. 

348 | $:13:3:5 | BW. 8 Ib. Cl. Suggestion of impaired | Convulsions at 4 ; 
Instrumental rotation mentality at 5 years. months. Recurrence ol 

and delivery. Bulging epileptiform convul- 
fontanelle. Head re- sions at 3 years and 
traction. Great rest- subsequently. 
lessness. 

349 4:43:54 B.W. 82 lb. C.1. | Spastic paresis of L. Head noted as growing 


rapidly during period 
5-7 months. 








C. 1=First child, C.2— Second child, etc. : B. W. = Birth weight. 
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INTRACRANIAL IRRITATION IN NEWBORNS 347 
Approximate 
| Age(s) at 
which Ante-natal and Natal Evidences of " 
Series Examined History: Other 
Number (yrs.) Salient Features Physical Disability Disability of Mind Observations 
A B C D = F 
in 359 1:4 B.W. 7 Ib. C.2. | Flaccid paralysis of R. 
al Low forceps. Shrill | arm suspected at 1 year. 
2} cry. Facial paresis. Confirmed at 4 years. 
Restless, agitated ex- 
pression. Some full- 
: ness of fontanelle. 
360 4:2 B.W. 7 Ib. C.1. | Hydrocephalus present Severe disability, evi- 
High forceps. Bruising | at 6 months—said to dent at 2 years. 
of scalp and face. | have been suspected 
Severe shock. Bulging at 4 months. R. 
fontanelle: convulsions hemiplegia. 
7 on first day. R. arm 
persistently spastic. 
369 4:33:5 B.W. 7}? Ib. C.1. | At 3 months spasticity | Definite but probably Attending special school 
Prolonged labour, ma- | of both legs, R. more less than appearances. at 7} years. 
ternal exhaustion, than L. Paralysis of suggested. 
foetal distress, forceps | R. arm _ noted by 
applied. Slight fullness | parents at 11 months. 
of fontanelle. Violent | On examination at 
oe nystagmus. Weakness 33 years spasticity 
eks of legs suspected. marked in R. arm, 
moderate in R. leg 
and slight in L. leg. 
377 $:14:5 B.W. 8 Ib. C.l. | Spastic paralysis of Delay in speech and | Child attending a 
Instrumental rotation | slight degree of L. arm walking. Definite but | special school at age 
E> and extraction. Critical | and L. leg suspected | limited mental dis- 9 years. 
- condition 9 days. One | at | year by parents ability recorded at 5 
age violent convulsion. and confirmed by | years. 
examination at 18 
months. 
391 325 B.W. 8 Ib. C.1. | Flaccid paralysis of R. Circumference of head 
C.S. following failed | arm readily recogniz- at 3 years 21 in. 
forceps. Foetal dis- able at examination at 
tress: knotted cord. 3 years. Said to have 
al Very quiet but easily been tirst noticed at 
me of disturbed. Reflexes 2 years. 
- f exaggerated. Precoci- 
\} ous expression. 
396 4:1:3:5 B.W. 72 Ib. C.4. | Nil found on examina-_ Nil. 
Low forceps. Abnor- tion at 6 months, | 
mally quiet and still: year, and 3. years. 
nystagmus: boggy R. hemiplegia present 
fontanelle. at 5  years—noted 
by parents at 4 
years. 
i 434 $:1:2 B.W. 9 Ib. C.3. | Nil on examination at Head held up atl year. Collapse and blue 
| S.D. Labour 3 hours. 3 months, apart from Not sitting up or attack at 3 weeks. 
onvul- Contrasting general gross asymmetry of | talking, grasping things | Salaam convulsions 
ond quietness with alert head. or stretching out for | began at 4 months ard 
ain frowning expression. objects at 2 years. Dis- | persisted, occurring at 
| Slight fullness of ability certain but ? intervals until age of 
— fontanelle. degree. 18 months. 
aeiat — £:13:5 B.W. 10 Ib. C.l. Spasticity of R. leg Circumference of hed 
perl Prolonged labour. slight adductor spasm at 18 months 203 in. 
Manual rotation of and flexion at knee 
| head: forceps. Slight | noted at 3 months: 
twitching face, Capel’s | still present 18 months 
sign +, and severe | and leg smaller 
clutching of hands 2nd | than L. 
day. Frowning expres- 
——- sion. 
weight. S. D. = Spontaneous delivery. C.S. Caesarean section. 
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‘Approximate } 
| Age(s) at y 
which Ante-natal and Natal Evidences of : 

Series Examined History: Other | 

Number (yrs.) Salient Features Physical Disability Disability of Mind Observations 
A B c D E F | 
443 | 43:3:3:5 B.W. 44 lb. C.2. | Limited movement of | Nil at 5 years. Hydrocephalus sus- | 
S.D. Breech presenta- | L. limbs at 3 months. pected at 3 months but 
| tion. Frail and whin- | Spastic paralysis of L. not confirmed at sub- (| 
ing. Twitching of L. | arm and limited move- sequent examinations. 
face and L. leg. ment of L. leg at 9 | 
months. Some im- 
provement of L. leg 
| at 3 years. } 

448 $:4 B.W. 5S ib. C.1. | Spasticity of R. leg | Gross. Convulsions at 3 years. 
Forceps delivery—? | and R. arm suspected ‘ 
indication. Noticeably | 3 months and tentative ; 
limp at birth. Dis- | diagnosis of hemiple- 
inclined fluids. Full- | gia made. Next seen 
ness without tension | at 4 years when clinical 
of fontanelle. Facial | picture that of spastic | 
twitching. diplegia. j 

470 $:14:3 B.W. 4 Mb. C.3. Slight flaccid paresis | Obvious disability at | Observed at 6 months | 
S.D. Limp at birth. | of legs suspected when | time of examination | on account of ? hydro- 
For 7 days no inclina- | discharged from hos- | at 3 years. cephalus not confirmed 
tion fluids. Fluctuating | pital at 8 weeks: on at later examinations. 
cyanosis. Occasional | examination at 6 Convulsions occurred 
twitching of face and | months paralysis. R. at 8 years. ' 
R. limbs. leg more than L. At 

3 years spastic R. arm. 

481 3:3:5 B.W. 84 Ib. C.1. | Impaired coordination | Moderate but definite _Markedly obese: weight 
Prolonged labour de- | in use of arms and | retardation. Speech 54 lb. at 5 years. 
spite . good. pains. | limbs but no true! babyish at 5 years. 

Foetal distress. S.D. ataxia. Vague sugges- | Foolish expression. No 
Limp and exhausted | tion of athetoid move- | interest in other child- = 
some days after birth. | ments involving arms | ren. Habits unclean. 
Great restlessness and | (3 years). Nystagmus | Restless behaviour. 
apparent pain on 9th | (11 months). 
| day. Thereafter slowim- 
provement over weeks. 

483 4:21:43 B.W. 74 lb. C.1. | Delay in sitting up |-Moderately severe dis- 
S. D. Breech presenta- | and standing. ability. Unintelligible So 
tion. Too alert: anxious speech. Unclean and 
facies, etc., in early days. destructive habits. | 
Twitching of hands. | 

484 4:13 B.W. 11% Ib. C.5. | Nil found on examina- | Pronounced _ restless- | ? convulsions at age 
S.D. before arrival of | tion at 3 months. Not | ness of mind and body: | 5 weeks. 
midwife. Mild asphy- | sitting up or saying | no evidence of will a - 
xia. Wakeful, restless, | words at 15 months. | to concentrate; does 
frowning and _ full | not recognize mother; 
fontanelle for four | rather strange facial 
days. | expression. Almost 

| certainly mental dis- 
| ability present. | 

490 $:3 B.W. 63 Ib. C.1. | Weight at 6 months | Nil. a} 
S.D. precipitate: no | 11 lb. Not sitting up 
doctor or midwife in | at 7 months. Slight — 
attendance. Weak | flaccid paralysis of L. 
generalized convul- | limbs suspected by 
sions on arrival of | parents at 23 years 
doctor. and confirmed on ex- { 

| amination at 3 years. 
504 $:13:3 B.W. 7% Ib. C.1. | Nil on examination Salaam convulsions in | 
High forceps. Double | at 6 and 15 months. infancy. Major epi: | 
cephalo - haematoma. | R. hemiplegia most _leptiform attack at 15 | 
Bruised face. Slight | marked in arm at | months. 
convulsions first day. | examination at 3 years. .— 





— 








C.1= First child, C.2—Second child, etc. : B. W. =Birth weight. 
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Approximate 
} Age(s) at 
f which Ante-natal and Natal Evidences of 
Series Examined History : Other 
Number (yrs.) Salient Features Physical Disability Disability of Mind Observations 
‘i | A B Cc D B F 
a 546 $:3:3:5 B.W. 93 lb. C.2. Spastic paresis of L. | Delay in sitting up | Mother stated head 
us- | Breech delivery—in- leg suspected at 3 and and talking. Leeway growing very balloon- 
ut strumental. Asphyxia: confirmed at 5 months. | subsequently made up | like and large at 5 
ib- bruising. Full fontan- but child babyish at months. Circumference 
; elle. Darting move- 5 years. at 6 months 17 in. and 
| ments of eyes. Cerebral | at 5 years 21 in. 
cry. 
549 4:1:4 B.W. 4} Ib. C.1. | Physical progress satis- | Convulsions at 3, 9, 
— S.D. Breech presenta- | factory until age 16 and 16 months without 
ATS. tion. Frail at birth: months. Weight at | evidence of reflex stimu- 
disinclined for fluids: | 1 year 18 lb. Left | lating factor. 
transient twitching of with flaccid paresis 
face and extremities. of L. arm after last 
series of convul-— 
sions. 
\ 580 $:13:5 B.W. 8 Ib. C.l. | General physical pro- Nil. 
—- Forceps. Laceration | gress good. Disinclina- 
iths of scalp. Asphyxia. | tion to use R. leg and 
jro- Alert. Boggy fontan- | R. arm noted at 10 
med elle. months. R. hemi- 
ons. | plegia confirmed at 15 
rred months. 
590 $:3:5 B.W. 7 Ib. C4. | Spastic paralysis of Rather dull child at | 
Prolonged labour: | R. arm and L. arm _ 5 years but not neces- | 
— elderly mother: foetal | noted at 2 months | sarily mental disability 
sight distress. Asphyxia : (in hospital). Present as such. 
convulsions and cere- at 3 years together 
bral cry. Full fontan- | with — slight flaccid 
elle. paresis of R. leg. 
599 4:3:5 B.W. 5 “bb. C.1. | Physical progress de- | Unusually restless Convulsions at 7 weeks, 
S.D. Frail at birth. | layed but general child. Mental develop- 7 months, 15 months, 
Boggy fontanelle. physical condition sat- ment satisfactory at 4 | and 4 years. Doubtful 
Whining, restless cry.  isfactory by 5 years. years, thereafter ap- | history petit mal in 
Slight convulsions. preciable changes in | second year. 
= matter of behaviour 
and alertness. 
611 4:43:13 B.W. 6 lb. C4. Pronounced — enlarge- Died at age 19 months. 
S.D. Labour 5 hours. | ment of head at 3 
Nystagmus. Feeble months. Spasticity and 
—— | twitching movements. wasting of arm. 
age | Frail condition. Spastic L. leg. Prob- 
ably blind. 
618 $:14:6 B.W. 13 Ib. C.1. Uninterrupted progress | Nil. Convulsions at age 24 
Instruments. Long until about 2 years of years. 
labour. Asphyxia. age when paresis of 
Restless. Slight con- R. leg noticed. On 
vulsion 2nd day. examination marked 
flaccid paresis of 
ane R. leg and _ slight 
flaccid paresis of R. 
arm. ’ 
670 3 B.W. 5 Ib. C.5. | Weight at 6 months Doubtful—if present, | Suspected hydrocepha- 
} S.D. rather rapid 9% lb.: general con- | slight. lus at 6 months but 
delivery. Weak. Dis- dition reasonable. no confirmatory find- 
inclination for fluids. Stiffness of R. arm ings at 3 years. 
R. facial paresis. Weak suspected at 13 
: oe convulsions. months and impaired 
ons in | use of R. leg at 20 
yr As months. R. spastic 
a J 


a 


hemiplegia present at 
3 years. 





— 
——— 


weight. 


S.D.—Spontaneous delivery. 


C.S. Caesarean section. 
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Approximate 
Age(s) at 
which Ante-natal and Natal Evidences of 
Series Examined History: Other 
Number (yrs.) Salient Features Physical Disability Disability of Mind. Observations 
A B c D E F 
689 E25 B.W. 123 lb. C.2. | Physical growth satis- Emotionally unstable, | Killed as a result of 
S.D. Prolonged labour, | factory: weight at 12 otherwise nil. enemy action at age 4 
foetal distress. Infant | months 23} Ib. Nystag- years. Said to have 
greatly exhausted. mus and dubiously un- difficulty with hearing 
Limp 1 week then | steady gait at 2 years. and speech. 
convulsion. Agitated 
facies. — 

690 $:1:34 B.W. 8 Ib. C.1. | Nil found on 3 occa- ‘Turns’ at 23 years. 
Low forceps. Anxious | sions examined. Major epileptiform at- 
expression: boggy fon- tacks at age of 3 years. 
tanelle: generally alert 
and restless. 

693 4:13 B.W. 7? lb. C.3.  Spasticity of L. arm | Definite. Unrespon- Contact lost with 
Elderly mother. §S.D. * noticed at 1 month: | sive. Abnormally quiet. patient after 18 months. 
Prolonged labour. of L. leg at 6 months. 

Slight asphyxia. Alert. | Condition of arm more 
Anxious. Nystagmus. | pronounced and of leg 
L. arm immobile. improved at 18 months 

697 $:3:3 B.W. 42 Ib. C.2. General physical con- Convulsions at age 6 
S.D. Frail following | dition always poor but weeks, 4 months, and 
birth. Disinclined for no paresis. 11 months. Death fol- 
fluids. Nystagmus. lowing convulsions at 
Twitching movements 13 months. 
of extremities. 

698 4:14:43 B.W. 94 lb. C.1. | Choreiform movements Disability of moder- Severe convulsions at 
High forceps. Appar- of arms suspected at | ately severe degree. 2 months. Recurrence 
ently satisfactory at 6 months. Persistent at 23 and 4 years. 
birth. At 5 days rest- | athetoid movements of 
less, anxious, and alert. | limbs and coarse inten- 

Full fontanelle. tion tremor at 44 years. 

705 4:43:14 B.W. 62 lb. C.1. | Examination at 3 | No evidence. ? hydrocephalus at 6 
S.D. apparently easy. | months negative. Slight months. Not confirmed 
Infant restless, alert. | right hemiplegia, more subsequently. 
Nystagmus. Slight | marked in arm than 
convulsions, 2nd day. | leg noted at 6 months 

and confirmed at 15 
months. 

711 4:4:1} B.W. 334 Ib. C.2. Slow physical develop- Convulsions at 6 weeks 
S.D. Frail. Unnatural ment. No paresis. and 1 year. Died fol- 
agitated movements. lowing pertussis at 18 
Flickering of eyes. months. 

Twitching of face. 
C.1= First child, C.2—Second child, etc.: B.W.=Birth weight. S.D.—Spontaneous delivery. C.S. Caesarean section. 
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THE EFFECTS OF NEONATAL ASPHYXIA ON PHYSICAL 
AND MENTAL DEVELOPMENT 


BY 


W. A. B. CAMPBELL, E. A. CHEESEMAN, and ANNE W. KILPATRICK 
From the Departments of Child Health and of Social and Preventive Medicine, the Queen’s 
University of Belfast, and the Royal Maternity Hospital, Belfast 


(RECEIVED FOR PUBLICATION JANUARY 25, 1950) 


This short paper describes a study of the develop- 
ment of children who suffered severe delay in 
establishing normal respiration at birth. Their 
progress has been measured against that of children 
who escaped this initial handicap, but who are in 
most other respects similar. We have not been 
concerned here with the immediate effects of 
asphyxia neonatorum, but with the effects, if any, 
some eight to 11 years after birth. 

Most of the existing work on this subject has been 
carried out retrospectively. That is, the data usually 
consist of a group of children known to be mentally 
or physically retarded; the individual birth histories 
of the group are traced, and from the histories an 
estimate is made of the proportion of retarded 
children who had suffered from delayed respiration 
at birth. This method, although it sometimes offers 
very suggestive evidence that asphyxia in the para- 
natal period does leave permanent sequelae, cannot 
give any help in assessing the prognosis for a group 
of ‘ asphyxiated ’ children. Moreover, it is open to 
the objection that in some cases the mother’s 
description of her infant’s condition at birth is the 
only available history; after a lapse of years this 
may be inaccurate or unconsciously coloured by her 
endeavours to find some cause for her child’s 
departure from the normal. Smith (1948) draws 
attention to these difficulties and points out that 
“we still lack data from which a prognosis can be 
given in the individual infant.’ 

Much has been written on the birth history of 
children who in later life show behaviour problems 
or similar psychological disturbance. Despert (1946) 
in a study of 35 ‘ anxious’ and 43 ‘ non-anxious ’ 
children included asphyxia among unfavourable 
birth conditions which ‘ were considered an impor- 
tant contributing factor in the genesis of anxiety in 
young children.’ Schreiber (1938) found a history 
of ‘apnoea’ in 70% of 500 children referred to his 
Clinic on account of neurological disorders, but 
Galloway (1938), in discussing this work of 
Schreiber, comments pertinently that the apnoea at 


birth may be, at least partly, the result of some 
congenital neurological disorder. Some years later 
Schreiber (1943) investigated 146 patients who had 
low intelligence quotients seen consecutively at 
psychiatric clinics; only patients whose birth 
histories were available in one of the local hospitals 
were included. On account of a family history of 
mental defect or post-natal factors, 46 patients were 
discarded and the remaining 100 were compared 
with 100 control children of comparable back- 
ground, but with high intelligence quotients. He 
found that 24% of the low intelligence group and 
only 6% of the high intelligence group experienced 
apnoea at birth and, further, that 39°% of the former 
compared with 27% of the latter group required 
operative interference. He suggested that there is a 
relationship between the presence of apnoea at birth, 
from whatever cause, and subnormal intelligence. 

From 673 children with behaviour problems, 
Rosenfeld and Bradley (1948) selected groups of 
126 children who had had pertussis, 28 with neonatal 
asphyxia and 100 with neither a history of pertussis 
nor of neonatal asphyxia. How the last group, 
which served as controls, was selected, is not very 
clear. All the children were of normal or superior 
intelligence. Each of the six presenting symptoms 
was one and a half times as frequent in the pertussis 
and asphyxia groups as in the control group. The 
syndrome of five or six of these symptoms was eight 
times as frequent in the pertussis and asphyxia 
groups asin the controls. Again Smith (1948) points 
out that no asphyxiated infant who later showed a 
normal development would be traced by this type 
of investigation. 

Preston (1945), discussing the records of 132 
patients of a psychiatric clinic who were selected on 
account of difficulty at birth, makes the point that’ 
asphyxia may be entirely pre-natal, and that a 
normal appearance at birth does not eliminate the 
possibility of mental damage in later life resulting 
from such pre-natal asphyxia. 

Courville and Marsh (1944) studied the effects of 
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neonatal asphyxia by pneumoencephalography and 
histological examination of cases showing ‘ the well- 
known symptom-complexes of mental deficiency, 
hemiplegia, athetosis, convulsions, or various 
combinations.” They concluded that conditions 
such as microgyria, porencephaly, and atrophic 
lateral sclerosis were present, and suggested that 
these apparently diverse changes might all be due 
to the effects of asphyxia. 

Windle and his colleagues (Windle and Becker, 
1943; Windle, Becker, and Weil, 1944; Windle, 
1944) have produced microscopic changes in 
the brain of guinea-pigs subjected to varying 
degrees of asphyxia and have also demonstrated 
behaviour changes in the animals that survived. 

Not only cases of psychiatric abnormality have 
been investigated in this way. Evans (1948), in a 
series of 114 individuals with cerebral palsy, found 
that asphyxia, together with such factors as forceps 
delivery or obstetric analgesia, was commonly found 
in the athetoid group. He suggests a causal 
relationship. 

Comparatively few investigations have been 
carried out with the preferable approach of following 
up a series of ‘ asphyxiated ’ infants and comparing 
them with ‘ non-asphyxiated ’ controls. McPhail 
and Hall (1941) analysed the factors responsible for 
delayed respiration in a series of 1,002 deliveries. 
They found ‘ severe apnoea ’ present in 6%. Their 
definition of severe apnoea included all cases where 
breathing and crying were delayed for more than 
one minute, and all cases showing cyanosis at any 
time during the first few days. They then attempted 
to follow up 861 consecutively born infants; 
unfortunately only 270 of these were traced and were 
given an intelligence test and a behaviour rating. 
They found no significant difference in the results 
obtained for 34 infants classed as ‘ asphyxiated,’ 
compared with the group as a whole. They con- 
cluded that neonatal apnoea need not cause 
permanent damage to the brain provided that, as 
was their practice, adequate oxygen is administered 
during the apnoeic period. 

Stevenson (1948) followed up 226 unselected 
children for five to eight years. At birth they had 
been divided into two groups—‘ good ’ and ‘ poor ’ 
—by physical assessment. The poor group included, 
among other factors, resuscitation and delayed onset 
of respiration and cyanosis. Of the poor group, 
39% were maladjusted, compared with 19% of the 
good group. 

Darke (1944) selected 49 cases of severe neonatal 
asphyxia from 25,261 deliveries. He included all 
infants with asphyxia pallida and those who were 
definitely apnoeic for three minutes or more. He 
was only able to trace 19 of these after four to 
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12 years; the intelligence quotients of 17 of these 
were below those of parents or sibs used as controls. 


Examination Procedure 


For the present enquiry an examination was made 
of the case histories of all infants born in the Royal 
Maternity Hospital, Belfast, during the years 1938 
to 1941, inclusive, a total of 6,009 live births. Since 
the purpose of the investigation was to ascertain the 
remote prognosis of asphyxia at birth, neonatal 
deaths, in so far as they were known, were not 
included. All cases with one of the following 
criteria were selected for study: (1) Asphyxia 
pallida; (2) asphyxia livida lasting for a stated 
period of over two minutes. 

Birth records are filed in the hospital in chrono- 
logical order, and infants were selected for a control 
series by including the records which were filed 
immediately before and immediately after each 
‘asphyxia’ record. All records on which there 
were vague terms such as ‘cyanosed’ or ‘ blue 
asphyxia,’ with no further information, were 
excluded from both groups. This process resulted 
in a group of 89 ‘ asphyxiated’ infants and 178 
controls. It was considered impracticable to extend 
the series by including births before 1938 or after 
1941, since, in the first instance, records were 
maintained differently before 1938, and in the 
second, examinations of children of 6 years of age 
and younger would have been incurred. We wished 
to avoid the examination of such young children 
because of the difficulty in applying the intelligence 
tests. 

A circular letter was sent out in batches of ten to 
parents of the selected children. The letter explained 
simply and briefly the purpose of the investigation 
and asked the mother if she would bring her child 
to the hospital for examination on a stated day. 
If she was unable to come on the day suggested, 
or if the letter was returned by the postal authorities 
Owing to a change of address, a personal visit was 
made to arrange another appointment or to try to 
ascertain the family’s present location. As might 
be expected, many families had moved several times, 
and in some cases whole streets had been destroyed 
by enemy action, consequently, several visits were 
necessary to trace some children. 

Of the 267 children whose names were originally 
drawn from the hospital records, 195, or 73%, were 
ultimately examined. Of the 72 unexamined 
children, seven were known to have died, two were 
mentally deficient and could not be examined, and 
the parents of a further 18 refused to cooperate in 
the survey, although repeated attempts were made 
to persuade them. All efforts to trace the remaining 
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45 children failed. The position is summarized for 
the two groups separately in Table 1. 


TABLE 1 


RELATION OF 195 CHILDREN EXAMINED TO 267 ORIGINALLY 
SELECTED FROM THE RECORDS 





l 
Asphyxia’ Control 
Group | Group | Total 





Number of children ex- 


amined .. sie i 61 134195 
Number not examined: 
died .. oe wa * 5) | 7) 
mentally deficient ..| 2 — ee. 
28 > 44 | 72 
refused to cooperate 4 14 18 
not traced... ..| 20) | 25) 45 | 











Number of children selected 
from records .. ie 89 178 267 








The percentage of children actually traced (83%) 
and examined (73 %) is considered to be higher than 
that usually achieved in most similar series. This is 
probably due to the self-contained nature of the 
population, the limited area of Northern Ireland, 
and the interest which members of the community 
take in matters of health. The longest journey 
necessary for any child and parent who attended 
was 70 miles, and the longest journey made to trace 
a family was 50 miles; the majority of the children 
examined lived within 10 miles of Belfast, and most 
of the untraced families were known to have left 
Northern Ireland. 

The investigation was arranged so that at each 
examination session, neither of the clinicians 
(W.A.B.C. or A.W.K.) knew the group (asphyxia 
or control) to which any individual child belonged. 
Doubtful physical findings were checked by both 
examiners to ensure agreement. For each child, 
height, weight, chest circumference and expansion 
were recorded, and a general clinical examination 
followed. 


BLoop ANALysIs. After the general clinical exam- 
ination 2 ml. of venous blood were taken into a bottle 
containing Wintrobe’s anti-coagulant and within 48 
hours the haemoglobin content of the blood was esti- 
mated as follows: 0-05 ml. of blood was drawn into 
a pipette and transferred to a test tube containing 5 
ml. of N/10 NaOH. This was allowed to stand for 
five minutes, boiled in a water bath for five minutes 
and then cooled. The alkaline haematin content was 
then estimated by means of a ‘ biochem’ absorptio- 
meter, calibrated with the Gibson-Harrison (1945) 
Standard (100% =14°8 g). 


/ 


The examination session was concluded by the 
children present carrying out the group test version 
of Raven’s matrices (1938). No time limit was 
imposed. An individual test for each child might 
have had some advantages, but it would not have 
been possible to arrange this. On the other hand, 
it seemed that the test used was the most suitable 
for children of these ages (8 to 11 years) and it had 
the added advantage of being different from the 
tests which are extensively used in the primary 
schools as a preparation for the qualifying examina- 
tion. 


Completeness of the Data 


Owing to the fact that 27% of the original sample 
of 267 infants were not examined, the actual results 
obtained for either group are not necessarily 
representative of all the ‘ asphyxiated ’ children (89) 
and control children (178) born in the hospital in 
the years 1938-41. Consequently it must be 
admitted at once that the incomplete samples used 
cannot be a basis for a firm and final conclusion. 

However, the comparison between the control and 
the ‘ asphyxia ’ group is likely to be biased, only if 
the unexamined members of either or both groups 
represent a biased sample of the whole series. .Since 
birth records are available for all 267 children, 
we have been able partially to examine this 
possibility. 

Between the examined group (195 children) and 
the unexamined group (72 children) no significant 
difference was found in the proportion of 
‘asphyxiated ’ births, the distributions of year of 
birth, sex, order of birth, gestation period of mother, 
type of presentation or delivery at birth, or in the 
mean birth weights. On the other hand, the mean 
age at time of confinement of mothers of examined 
children (28-6 years) was just significantly older 
than the corresponding mean age of mothers of 
unexamined children (26-8 years). (Difference= 
1-8 years, t=1-98, degrees of freedom=260 and 
0-05>P>0-01.) Five ages were not recorded in 
the original records, but these omissions are unlikely 
to affect materially this comparison. 

This series of tests demonstrates the similarity 
between the two groups of children at birth. The 
small difference in the mean age of the mother at 
confinement, we feel, can be discounted, since there 
would be greater likelihood of younger families 
moving away from the Belfast area than there would 
be for older families. Therefore although we 
cannot with certainty prove that no bias exists in 
our later comparisons, no evidence of the possible 
existence of such bias has been forthcoming from 
the somewhat rigorous examination of all the 
available facts. 
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Results 

Preliminary Considerations. When any two 
groups of individuals are compared to trace the 
effects of a specific condition common to all members 
of one group and absent from all members of the 
other, it is essential that basically the two groups 
should be comparable in all other respects. Data 
collected in the manner of the present enquiry 
seldom, if ever, approximate to such ideals. It is, 
therefore, necessary to ascertain relevant basic 
differences between the groups and to make due 
allowance for them in the ultimate comparisons. 
From the original birth records we have been able 
to compare the 61 examined children in the asphyxia 
group with the 134 examined children in the control 
group in respect of (a) sex distribution, (b) distribu- 
tion by order of birth, (c) distribution by gestation 
period of mother, (d) proportion of children breast 
fed for any length of time, (e) mean period of 
breast feeding, (f) mean age of mother at confine- 
ment, (g) distribution by year of birth, (4) mean age 
of children, (j ) proportion of vertex presentations, 
(k) proportion of normal deliveries, and (/) mean 
birth weight of infant. 

In all except the last three conditions, no signi- 
ficant difference was observed between the 
* asphyxia ’ group and the control group. Of the 
* asphyxia ’ group, 83:6°% were vertex presentations 
at birth, compared with 96:2% in the control 
group: the difference, 12:6%, is significant 
(x?=15-20, degrees of freedom=1, and P<0-001). 
Of the ‘ asphyxia ’ births, 57-4°% were classified as 
normal deliveries, compared with 84:3% of the 
control group: this difference (26:9%) is also 
greater than could easily have arisen by chance 
(x? = 7:77, degrees of freedom = 1, and 
0:01>P>0-001). 

The mean birth weight of the ‘ asphyxia’ group 
was 108 oz. compared with a control group mean 
of 117 oz. The difference of 9 oz. is significant 
(t=2-85, degrees of freedom=193, and 
0-01>P>0-001). 

The difference in presentation and delivery for 
the two groups is probably associated with the 
actual birth condition of asphyxia neonatorum, but 
as the aetiology of this condition is outside the scope 
of this investigation, we are not specifically con- 
cerned with these factors. In themselves, the 
differences between the two groups in presentation 
and delivery are unlikely to have any bearing on 
examinations some eight to eleven years later, and 
we feel that such differences as have been observed 
can be ignored in later comparisons and be regarded 
as wholly associated with the condition of asphyxia. 

The difference between the two mean birth 
weights is of more importance. Illingworth, Harvey, 
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and Shan-Yah Gin (1949) have demonstrated the 
association between birth weight and later physical 
measurements. Consequently, if such association 
exists in the present data, allowance must be made 
for the influence of the different birth weights of 
the two groups upon the physical measurements 
ultimately compared. By so doing, we should at 
the same time allow for any possible preponderance 
of prematurely born children in either group, the 
existence of which seems unlikely from the examina- 
tion of lengths of pregnancies, but which is a 
possibility when prematurity is assessed in terms of 
birth weight. 

The statistical technique of covariance analysis 
(Fisher, 1946; Snedecor, 1946) enables us to make 
due allowance for the concomitant effect of birth 
weight, and at the same time a more precise test of 
significance can be applied if we take into account 
the further concomitant effect of age on physical 
measurement, even though the two groups do not 
differ in their mean ages. Therefore in Table 3 are 
shown the observed mean physical measurements, 
together with the means adjusted or corrected to a 
common mean birth weight and age for both the 
‘ asphyxia ’ and the control groups. In each case, 
the appropriate tests of significance between the 
mean physical measurements of the two groups are 
given. 

The homogeneity of each group of children has 
been examined for each of the variables studied. 
This was done by sub-dividing each group into four 
sub-groups: first born males, first born females, 
second and later born males, and second and later 
born females. It was considered that birth order 
and sex were the most likely factors to cause 
differences within either of the two main groups, 
‘asphyxia’ or controls, of children. For each 
group the significance of the difference of the 
sub-group means of each studied variable was 
examined. 

Physical Measurements. The sizes of the multiple 
correlation coefficients of the physical measurements 
on age and birth weight (Table 2) are such that it 


TABLE 2 


MULTIPLE CORRELATION COEFFICIENTS OF PHYSICAL 
MEASUREMENTS ON AGE AND BIRTH WEIGHTS 





Multiple Correlation of Stated 
Variables on Age and Birth 





Weight R P 
Height ‘ ye 0:57 <0:-01 
Weight ae = 0-45 <0°01 
Chest Measuremen 0-40 <0-01 
Chest expansion 0-16 >0-05 








Degrees of freedom=191 
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appeared to be necessary to take the latter variables 











into account when comparing mean heights, weights, 
and chest measurements between different groups of 
children. The coefficient for chest expansion on age 
and birth weight was just insignificant at the 5% 
level, but in the interests of uniformity, the means 
of all the physical measurements have been 
corrected for the concomitant effect of age and birth 
weight. 

Both the ‘ asphyxia ” group and the control group 
can be considered as homogeneous in so far as 
height, weight, and chest expansion are concerned. 
For each, no significant difference was found 
between the four component sub-group means 
either before or after correction for age and birth 
weight. 

On the other hand, the data of chest measurement 
revealed several inconsistencies in the control group, 
although the ‘asphyxia’ group appeared to be 
homogeneous. For the control group, the analysis 
of variance between the crude means of the four 
component sub-groups gave a significant variance 
ratio of 2-96 (n;=3, nz=130 and 0:05> P>0-01). 
When each sex was considered separately, no signi- 
ficant difference occurred between the birth rank 
groups of either sex. However, after correction for 
age and birth weight, it became apparent that the 
male data of chest measurement could not be 
considered as homogeneous, since the difference 
between the adjusted means of the birth order 
groups for males was significant (t=2-09, degrees of 
freedom=64 and 0:05>P>0-02). No significant 
difference was found between the adjusted sub-group 
means of the females. We therefore decided to 
make the ultimate comparison of chest measurement 
between the ‘ asphyxia’ and the control group in 
terms of first born males, later born males and all 
females separately. Although the presentation of 
the results is somewhat handicapped by this pro- 
cedure and the numbers of observations in the 
compared groups is reduced, any other method of 
grouping the data might give rise to spurious 
conclusions. 

The comparisons between the ‘ asphyxia * and the 
control groups are shown in Table 3 for height, 
weight and chest expansion, and in Table 4 for chest 
measurement. The crude and the corrected means 
are shown in each case. No significant differences 
occurred in either the crude or the corrected means 
of height, weight or chest expansion, and in each 
case the differences were relatively small. Further- 
more, no consistent excess in favour of either the 
‘asphyxia ’ or the control group occurred. 

No significant difference occurred between the 
mean chest measurements (Table 4) of the females 
or the second and later birth rank group of the males. 
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This was also true after the means were adjusted 
to a common age and birth weight. With the first 
order birth group of males, a significant difference 
did occur and the control group had the greater 
mean chest measurement. A careful examination 
of the original chest measurements gave no useful 
pointer as to the reason for this significant difference. 
Apart from the fact that we may have been unlucky 
in the sampling of this particular variable, no 
reasonable theory can be advanced for this apparent 
difference between the results obtained for first born 
males and for other children. 

Haemoglobin Estimations. In these data, the 
multiple correlation of the haemoglobin level on 
age and birth weight is very small and insignificant 
(R=0-09, degrees of freedom=191, and P>0-05), 
and after some further consideration of the data 
it was decided that no useful purpose would be 
served by correcting the haemoglobin levels for age 
and birth weight. All comparisons between groups 
are therefore made in terms of the unadjusted means. 

A preliminary examination of the data in each 
group revealed a heterogeneity in the four sub-group 
means of the control group data (variance ratio 
=2-71, n,=3, n,=130, and 0-05>P>0-01). This 
appeared to be due to a difference in mean haemo- 
globin level between the sexes, and further 
examination revealed that in both males and 
females no significant difference occurred between 
the mean haemoglobin levels of children of different 
rank of birth. It was therefore decided to compare 
the ‘ asphyxia’ and control groups for each sex 
separately and the results are set out in Table 5. 

The difference between the haemoglobin level of 
the ‘ asphyxia ° and the control group was negligible 
in the males, and although it was somewhat larger 
in the females, the difference was still insignificant. 
In each case the ‘ asphyxia’ group had the higher 
mean haemoglobin level, but as the excesses could 
easily have arisen by chance, it is unlikely that the 
consistency of result is of any importance. 

Intelligence Tests. The intelligence test was not 
carried out on one member of the control group, 
as the parent had to leave the hospital before the 
examination session ended; the comparison is 
therefore based on 61 ‘ asphyxiated ’ children and 
133 controls. Table 6 sets out the distribution of 
the children into Raven’s (1938) five suggested 
grades. 

An examination of the percentage distributions 
of this table does suggest that in the highest (I and 
II combined) and lowest (IV and V combined) 
intellectual grades, there is a relative preponderance 
of children in the ‘asphyxia’ group. These 
differences, however, are far from _ significant 
(y?=2:21, degrees of freedom =3,and0-7>P>0°5). 
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TABLE 3 


COMPARISON BETWEEN MEAN HEIGHTS, WEIGHTS, AND CHEST EXPANSION OF ASPHYXIA AND CONTROL GROUPS 








Mean 
Differences 
Physical Measurement Asphyxia Control Asphyxia t P 
Group Group —Control 





Uncorrected means 
(Degrees of freedom = 193) 
1- 52:0 


Height (in.) 7 ‘i 51-8 —0:2 0-48 0-7>P>0:-6 
Weight (Ib.) - i 65-6 64:5 1-2 0-72 0-5>P>0-4 
Chest expansion (in.) 1-9 1:9 0 0-42* 0-7>P>0:-6 


Means adjusted to a common age and birth weight 
(Degrees of freedom=191) 





























Height (in.) 51-9 52:0 —0°1 0-34 0:8>P>0-7 
Weight (Ib.) 66:1 64:2 1:9 1-28 0-3>P>0-2 
Chest expansion (in.) 1-9 1-9 | 0 0-51t 0-7>P>0-6 
* Calculated on difference of —0-04 inches before approximation of means to first place of decimals. 
t Calculated on difference of —0-05 inches. 
TABLE 4 
COMPARISON BETWEEN MEAN CHEST MEASUREMENTS OF ASPHYXIA AND CONTROL GROUPS 
Mean Chest 
Measurement (in.) 
Differences Degrees 
Sub-group Asphyxia Control Asphyxia t of P 
Group Group —Control Freedom 
Uncorrected Means 
Male first order births .. 26:1 27:1 f —1:0 2°67 = | 0:02>P>0-01 
Male second and later order 
of birth .. , 26:9 26:7 | 0-2 0-32 40 0-8 >P>0:7 
Females, all orders of birth 26:5 26:2 | 0:3 1-10 98 0-3 >P>0:-2 
Means adjusted to a common age and birth weight 
Male first order births .. 26:3 26:9 —0°-6 2:03 49 0:05>P>0-02 
Male second and later order 
of birth .. 27:1 26:6 0:5 0-76 38 0-5 >P>0-4 
Females, all orders ‘of birth 26:5 26:3 0-2 0-90 96 0-4 >P>0°3 
TABLE 5 
COMPARISON BETWEEN MEAN HAEMOGLOBIN LEVELS OF ASPHYXIA AND CONTROL GROUPS 
Mean Haemoglobin 
Level (%) 
Difference Degrees 
Sex Asphyxia_ | Control Asphyxia t of P 
Group Group —Control Freedom 
Males a 90-4 90:1 0-3 0:10 93 P>0:-9 


Females... 88-7 | 86:0 2-7 1-38 98 0-2>P>0:1 
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TABLE 6 
COMPARISON OF DISTRIBUTION OF INTELLIGENCE QUOTIENTS OF ASPHYXIA AND CONTROL GROUPS 
Intelligence Quotient Group Asphyxia Group Control Group 
7 Number | Percentage Number Percentage 

I Intellectually superior .. 1 1-6 2 1-5 
Il Definitely above average intellectual capacity 6 9-8 6 4°5 
III Intellectually average 21 34-4 54 40-6 
IV Definitely below average ‘intellectual capacity 26 42-6 53 39-8 
V_ Intellectually defective - ¥ 7 11-5 18 13-5 
61 99-9 133 99-9 

The observed difference between the two distribu- tested children. We feel, therefore, that we can 


tions can certainly not be regarded as unusual. 

No attempt has been made to express the results 
of the tests in intelligence quotients since this would 
have involved corrections for age in order to com- 
pare the two groups: to do this simply would 
involve assumptions which might not be justified 
(Raven, 1948). On the other hand, it has been 
suggested (Raven, 1947) that discrepancies of scores 
actually obtained from scores expected which 
exceed 2 units in any one of the five component sets 
of the matrix invalidate the use of an individual’s 
total score as a ‘ consistent estimate of his general 
capacity for intellectual activity’. In our series such 
discrepancies occurred in the tests of 18 of the 
‘asphyxia’ group and 40 of the control group, 
i.e. 30° of each group had total scores which might 
be unreliable. If these are omitted from the 
comparison, then the distributions are as in Table 7. 
The total effect of leaving out the unreliable scores 
is very slight when the revised ‘ asphy».ia’ and 
control distributions are compared. The chance of 
observing discrepancies as great or greater than 
those between the distributions of Table 7 is higher 
(x? =1-06, degrees of freedom=3, and 0:8>P>0-7) 
than it was in the case of Table 6, which included all 


ignore the possibility of unreliable scores, in so far 
as the comparison of the two groups is concerned, 
particularly as Raven suggests that for general 
purposes the total scores can be used even when 
discrepancies, as defined above, occur. 

Asher and Roberts (1949) found a lower mean 
birth weight among a sample of children attending 
special schools for educationally subnormal children 
than among normal children. If the association 
between intelligence and birth weight implied by 
this work exists for the present data it would seem 
reasonable to expect a larger proportion of children 
in the lower intellectual groups (IV and V) and a 
somewhat smaller proportion in the higher groups 
(I and II) in the ‘ asphyxia’ group, than in the 
control group, since the former were significantly 
lighter in birth weight. Such, however, is not the case: 
54-1% of the ‘ asphyxia’ group, compared with 
53°3% of the control group were classified as 
‘definitely below average intellectual capacity ’ or 
‘intellectually defective,’ whereas 11-°4°% of the 
‘asphyxia’ group, compared with 6:0% of the 
control group, were classified as ‘ intellectually 
superior’ or ‘ definitely above average intellectual 
capacity ’ (Table 6). If anything, the advantage 


TABLE 7 
COMPARISON OF DISTRIBUTION OF INTELLIGENCE QUOTIENTS OF ASPHYXIA AND CONTROL GrRoOuPS* 





Intelligence Quotient Group 


Asphyxia Group Control Group 











Number Percentage Number Percentage 
I Intellectually superior .. - = z 2:2 
II Definitely above average intellectual capacity | 3 7-0 2 2:2 
III Intellectually average él 12 27-9 31 33-3 
IV Definitely below average ‘intellectual capacity. ised 21 48-8 40 43-0 
V_ Intellectually defective af +" ‘a 7 16°3 18 19-4 
43 100-0 93 100-1 











* Omitting those with unreliable scores. 
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lies with the ‘ asphyxia ’ group in the higher grades, 
though statistically the difference is not important. 
Thus, if a correction were necessary and possible 
for the effect of differing mean birth weights, it would 
seem reasonable to expect a still more favourable 
distribution for the.‘ asphyxia’ group. In other 
words, if the difference in mean birth weights 
between the two groups does affect the comparison 
of their intelligence distributions, then the com- 
parison of the observed distributions is likely to be 
a more exacting test of the intellectual capacities of 
the ‘asphyxia’ group than need legitimately be 
applied; even so, the data reveal no significant 
difference in the results of the matrix tests of the 
two groups. This conclusion would appear to be 
in agreement with that of McPhail and Hall (1941), 
although they were disposed to attribute the result 


not so much to the absence of after-effects of ’ 


asphyxia neonatorum, as to the beneficial effects of 
administering oxygen in the apnoeic period. 

Clinical Observations. Although having no bear- 
ing upon the main conclusions of this investigation, 
certain clinical observations were made which are 
of general interest. 

In view of Evans’ (1948) paper, it is interesting 
that the only two athetoid children in the series were 
both in the ‘ asphyxia ’ group. One of these children 
(aged 10 years) was sufficiently normal in other 
respects to be completely examined and was 
included in the investigation. She was undersized, 
with very poor chest expansion (half inch) ;_ her 
haemoglobin level was 74% and below the average; 
her score in the matrix test was 13, corresponding 
to the 5 percentile point for children of her age. 
The other athetoid child was mentally deficient and 
had only begun to talk at 84 years; he could not be 
further examined and was not, therefore, included 
in the investigation. One other mentally deficient 
child was seen in his own home; he, too, was in 
the ‘ asphyxia’ group, but could not be examined 
and is not included in the investigation. From these 
few data no significance can be attached to the fact 
that all three children experienced asphyxia neo- 
natorum at birth. More data would be required 
to examine the association, if any, between the 
birth condition and athetosis or mental deficiency. 

Finally, special aitention was paid during the 
examinations to the possibility of chronic lower 
respiratory infection, to see whether there was any 
suggestion that poor respiratory movement in the 
first few days of life might predispose to chronic 
respiratory disorder in later life. Persistent adven- 
titious sounds (not associated with any apparent 
acute infection at the time of examination) were 
found in 10% of the ‘ asphyxia ’ group and in 13% 
of the controls. The difference could easily have 
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arisen by chance (y?=0-12, degrees of freedom =1. 
and 0-:8>P>0-7). These data thus lend no support 
to the hypothesis suggested above. It was not 
possible to assess the severity of the chest signs by 
any precise standard, and no more detailed com- 
parison has therefore been attempted. 


Summary 


An attempt has been made to examine the present 
physical and mental condition of all children born 
during the years 1938 to 1941 in the Royal Maternity 
Hospital, Belfast, with severe asphyxia neonatorum 
(89 children) and of a group of unselected controls 
(178 children). 

Of the total 267 children, 195, or 73%, were 
ultimately examined. A comparison of numerous 
known conditions extracted from the birth records 
between the examined and the unexamined groups 
of children did not reveal any important significant 
differences. It seems unlikely, therefore, that the 
loss of 27% of the original subjects would affect 
the aim of the enquiry, the assessrnent of the remote 
prognosis of asphyxia neonatorum. 

After due allowance for relevant concomitant 
factors, with only one exception, no significant 
difference has been found in the average physical 
measurements (height, weight, inspired chest 
measurement and chest expansion) or in haemo- 
globin levels or in intelligence distributions (as 
assessed from Raven’s matrices) between the 
* asphyxia ’ and the control group. The exception 
occurred in the comparison of mean chest measure- 
ments of first born males: the mean for the 
‘asphyxia > group was just significantly less than 
that for the control group. 

A brief résumé of other investigations on this 
subject has been given. Contrary to the general 
impression gained from most other work, the present 
data and analysis give no support for the hypothesis 
that asphyxia neonatorum is a common cause of 
later mental or physical retardation. One investiga- 
tion (McPhail and Hall, 1941) carried out on similar 
lines to the present enquiry led to similar results 
with reference to intelligence rating. 


We are indebted to the staff of the Royal Maternity 
Hospital, Belfast, for access to the birth records, and 
to Dr. G. Seth (lecturer in psychology, the Queen’s 
University of Belfast) for advice on the technique of 
intelligence testing. Thanks are due to Mr. J. D. Merrett, 
of the Department of Social and Preventive Medicine, the 
Queen’s University of Belfast, for considerable assistance 
in the statistical analysis. 

A feature of the survey was the very willing coopera- 
tion of the majority of parents, who cheerfully gave 
up two or three hours to attend the examination 
sessions. Without their support and interest the present 
survey could not have been undertaken. 
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In recent years cerebral palsy, a previously 
neglected subject, has attracted much attention, at 
first in the U.S.A. and, more recently, in this 
country. In many districts plans are being made for 
the treatment and education of affected children. 
Before such plans can be effective we need to know 
how many children with cerebral palsy are to be 
expected in any community, and what will be the 
nature of their physical and mental handicap. 
Hitherto information of this nature has been scanty, 
and estimates of the incidence of cerebral palsy 
have been based on the numbers found in institu- 
tions, those presenting for treatment at special 
centres, or cases detected during routine school 
medical inspections. 

In making this survey of cerebral palsy among 
children in Birmingham and the neighbouring 
counties (Warwickshire, Staffordshire, and Worces- 
tershire) our aim was to locate and examine every 
case in the area. We did not achieve this aim for, 
at the time of writing (October, 1949) there are 131 
cases awaiting examination, and doubtless there are 
many others as yet unknown to us, especially among 
very young children. Still, we believe that we are 
now in a position to make a rough estimate of the 
incidence of cerebral palsy, at least in certain towns 
covered by our survey. Moreover, our sample, 
though not yet complete, we believe to be repre- 
sentative. We made every effort to see every case 
reported by general practitioners, specialists, school 
medical officers, welfare officers, school teachers and 
by the parents themselves; we searched mental 
defective institutions, special schools, and hospitals 
for cases we might otherwise have missed. We have 
seen every type of case, from the hopeless quadri- 
plegic ament, bedridden in an institution, to the 
mildest hemiplegic or paraplegic attending a normal 
school. The physical and mental examination of 
these children has enabled us to estimate the relative 
incidence of the different types of cerebral palsy, and 


to assess the physical and mental handicap suffered 
by these children. Finally, our results enable us to 
make certain observations on the aetiology of 
cerebral palsy. 


ORGANIZATION OF THE SURVEY 


In the summer of 1947 Professor Smellie wrote to 
all the doctors in Warwickshire, Staffordshire, 
Worcestershire, Shropshire, and Herefordshire, 
asking them to report any cases of cerebral palsy 
known to them. About 70% of these doctors 
replied, and a register was compiled of the cases they 
reported. Later, many more names were sent in, 
usually by medical officers of health and school 
medical officers. The great majority of the children 
we saw came from the three first named counties; 
a few came from outside the Midlands. 

At the time of writing there are 587 cases on the 
register, of whom we have seen 466. Sixty-six of 
those examined proved to be suffering from some 
condition other than cerebral palsy—usually uncom- 
plicated mental deficiency. The remaining 400 form 
the basis of this communication. 


THE INCIDENCE OF CEREBRAL PALSY 


In four cities—Birmingham, Coventry, Stoke-on- 
Trent, and Walsall—we saw enough cases to make 
an estimate of the incidence of cerebral palsy among 
school-age children in these cities of some value. 
We did not see enough under-fives to make such an 
estimate for the younger children. 

The low incidence for Stoke-on-Trent shown in 
Table 1 is due to the fact that we saw no low grade 
defectives there, where nearly all our cases were 
referred by the school medical officer. 

We can make a better estimate of the incidence 
by including 85% of the cases referred but not yet 
seen, as we found that just over 85% of the cases we 
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TABLE 1 


INCIDENCE OF CEREBRAL PALSY IN THE SCHOOL-AGE 
POPULATION OF Four CITIES 





| 





No. of Cases | 
Population of C.P. | Incidence 
City (5-15 years) (5-15 years) | per 1,000 
Birmingham ..| 144,000 110 0-76 
Coventry 32,836 31 0-94 
Stoke-on-Trent | 39,583 23 0-58 
Walsall 17,330 13 0-77 





did see—400 out of 466—proved to be cases of 
cerebral palsy. As the additional numbers are small . 
the figures for the smaller towns have been combined. 








TABLE 2 
ESTIMATED INCIDENCE OF CEREBRAL PALSY 
) | 
| $ 
a +2 
= e | S 3 = 3 
City 23 | & |87|32 88 
Sm oD a §F 
on s | 26/5 | 85 
ae | 0 |ael]|0e | 8a 
on | 
Birmingham 144,000 110 26 132-1) 0:9 
Coventry | 
Stoke-on- | | 
Trent 89,749 | 67 14 85-5 0:88 
Walsall | 








In view of the admirable cooperation of general 
practitioners, specialists, and public health officers 
in these areas we think it unlikely that any great 
number of cases of school age escaped us. Probably 
the incidence of cerebral palsy among these children 
is in the region of 1 per 1,000. This is very much 
less than Phelps’s (1941la) estimate of six children 
with cerebral palsy per 100,000 total population per 
year; this would mean 600 cases aged 5-15 years in 
Birmingham (population one million) where we 
estimate that about 150 school-age children are 
affected. Phelps, however, does not give the data 
on which his figures are based. Our results are 
similar to those of Professor Mackintosh who, in 
an address to the British Council for the Welfare of 
Spastics (1946), estimated that there were 1-2 cases 
of cerebral palsy per 1,000 children of school age 
in Scotland. 


METHODS OF EXAMINATION AND RESULTS 


A careful history was taken from the mother 
whenever possible; a questionnaire was sent to the 
mothers of children seen in institutions if they could 


not attend for interview. The history of the child’s 
birth was not checked by reference to hospital or 
other records; Evans (1948) found that such records 
usually confirmed the mother’s story. In cases of 
acquired cerebral palsy records of the child’s stay in 
hospital, if any, at the time of the original illness, 
were obtained wherever possible. 

Every child was examined clinically by one of us 
(P.A.) and, of those over 3 years old, all but two 
were seen by the psychologist for an assessment of 
intelligence (carried out by F.E.S. in all but ten 
cases). Blood for Rh and Wassermann tests was 
taken in some instances. 

Our 400 cases fall into the following groups: 


A. Congenital cerebral palsy 349 cases 
(1) Spastic paralysis 290 cases (83%) 
Symmetrical quadri- 
plegia »» (22%) 


Asymmetrical quadri- 


plegiaandtriplegia 18 ,, (5%) 
Paraplegia 90 ,, (26%) 
Hemiplegia 

(60 right, 42 left) 102 ,, (29%) 
Others - w €3e 

(2) Athetosis 36 0 |,, (10%) 
(3) Mixed spastic and 

athetoid i 6S |. ft oe 
(4) Ataxia 3 » (1%) 
(5) Flaccid cerebral palsy > « (Oo 
(6) Tremor and rigidity  -« (erie 

B. Acquired cerebral palsy (including 
kernicterus) 51 cases 

(1) Kernicterus on ve x, ee as 
(2) Post meningitic .. o sa SM (ee 
(3) Other infections ae re es 
(4) Acute infantile hemiplegi en te 
(5) Progressive degenerative spastic 

paralysis - i if. se 
(6) Fractured skull .. gs a 1 


A. CONGENITAL CEREBRAL PALSY 


History and Clinical Findings 


History. In a large number of these cases there 
was a history of difficult birth, and the neonatal 
period had been stormy. (These facts will be 
discussed in detail later.) The neonatal period once 
over, the child seemed to develop normally until the 
age of 6 to 9 months, when he was noticed to be 
backward in sitting up. Backwardness in passing 
the usual milestones was the first sign of the trouble 
in the vast majority of cases. In a few cases 
abnormalities of tone or posture were noticed from 
the earliest stages. The difference between the two 
hands makes for the earlier diagnosis of hemiplegia 
than of other types of cerebral palsy; thus in 34% 
of hemiplegics some abnormality was noted before 
the age of 6 months, and in only 11 % of paraplegics; 
for athetoids and quadriplegics the figures are 20% 
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and 30% respectively. The diagnosis of cerebral 
palsy was usually made during the second year of 
life, and subsequent development depended upon 
the nature of the child’s affliction. 

Among the children whom we examined we found 
the following symptoms. 

Difficulty in Walking. This was the commonest 
symptom in most groups. Thus, of 320 cases over 
the age of 3 years 102 (32%) could not walk and 42 
(13%) could only just walk. The proportion was 
naturally highest among the quadriplegic spastics 
and athetoids. 

Difficulty in Using the Hands. This was very 
noticeable among the athetoids, even the milder 
ones, and among the severer spastics. Of the 
athetoids over the age of 3 years 24% could not feed 
themselves; for spastic quadriplegics the figure was 
31% but many of these were low grade defectives. 
Few children with other types of spasticity could 
not feed themselves. 

Speech Difficulties. These were most common 
among the athetoids; spastics could usually talk 
reasonably well unless the intelligence was low. 
Of athetoids, 27% could not speak and another 25 % 
had a severe speech defect. The figures for spastic 
quadriplegics were 37% and 15%, but nearly all 
those who were speechless were idiots. Hemiplegics 
and paraplegics rarely had severe speech defects. 
We saw one case of motor aphasia, that of a boy 
with spastic quadriplegia; he had a cervical spina 
bifida and a meningocele had been operated on 
when he was a few days old. 

Slobbering and Grimacing. These habits were 
practically confined to the athetoids. 

Fits. Almost a quarter of spastic quadriplegics 
and hemiplegics were epileptic (23-:8% and 24:2% 
respectively). Epilepsy was rare in other groups, 
although about one child in eight of the whole series 
had had an occasional convulsion. 

The frequency of fits among hemiplegics has often 
been noted (e.g., Ford, 1944). We found, however, 
that epilepsy was equally common among the more 
severe cases of symmetrical spastic paralysis, where 
it was often associated with idiocy. Of spastic 
paraplegics only 3% were epileptic and only 4% 
of athetoids. 

Incontinence. Incontinence was nearly always a 
sign of low intelligence; 14% of all cases over the 
age of 3 years were frequently or always incontinent 
and two-thirds of these were idiots. 

Visual Defects. Refractive errors were probably 
common but we do not know the exact incidence. 
Of all cases 25% had a squint. Squints were 
commonest among the spastic quadriplegics (33 %), 
least common among hemiplegics (16:5%) and 
athetoids (14%). 
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Deafness. Deafness was noted by the mother in 
10 out of 55 athetoids (including cases of kernicterus) 
and in only three of all the other cases. Audiometry, 
however, shows that there is often some hearing loss 
even in those who do not seem deaf to their 
associates. 

General Condition. Although the great majority 
of these children were well looked after by devoted 
parents, nearly all of them were undersized and 
underweight. 

Head Circumference. The head was commonly 
on the small side. The more severe the other signs 
of brain damage the smaller, on the average, was 
the head. Thus, there were 14 microcephalics, all 
of whom were low grade defectives with a severe 
degree of paralysis; 11 were spastic, two were 
athetoid, and one had a mixed type of paralysis. 
Of spastic quadriplegics 53°% were microcephalic or 
had head circumferences more than one inch below 
the average for the age, 29% of athetoids, 27% of 
hemiplegics, and only 19% of paraplegics; among 
the last two groups none were microcephalic. There 
were 12 hydrocephalics; seven had a paraplegia, 
three quadriplegia, and two hemiplegia. In one 
case the hydrocephalus was associated with a cervical 
spina bifida. 

Other Congenital Abnormalities. In nine cases 
(2-6%) there were other congenital abnormalities. 


Sturge-Weber syndrome 1 case 
Other haemangiomata es 2 cases 
Spina bifida and meningocele 1 case 
Talipes equino-varus 1 case 
Osteogenesis imperfecta 1 case 
Pyloric stenosis (operated) 1 case 
Polydactyly oe 1 case 
Anal stricture 1 case 


One of these (anal stricture) was associated with 
athetosis, the others with spastic paralysis. 

This incidence is similar to that found by Malpas 
(1937) in a series of 13,964 consecutive births (2-1 %). 

There were also two cases of asthma and one of 
migraine; the latter was interesting in that the 
child had a right hemiplegia and migraine associated 
with right sided teichopsia. 


Neurological Findings 


Spastic Paralysis. This was much the largest 
group in our series (290 cases). The commonest 
type of spastic paralysis was a symmetrical quadri- 
plegia (77 cases) or paraplegia (90 cases). The term 
diplegia has been variously used to cover either or 
both these conditions; to avoid confusion it will 
not be employed here. The symmetrical quadri- 
plegics and paraplegics have been considered 
separately, but the distinction between them is an 
arbitrary one, many quadriplegics having an almost 
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imperceptible lesion of the upper limbs. The 
combined group (167 cases) forms a continuous 
series from the mildest paraplegic to the severest 
quadriplegic—often a microcephalic idiot. 

In nearly all the quadriplegics the lower limbs 
were more severely affected than the upper. In both 
quadriplegics and paraplegics adductor spasm of 
the thighs was commonly present, leading to 
‘scissors gait’ if the child could walk. The knees 
might be extended or flexed; the feet were nearly 
always plantar flexed. In very young children who 
cannot walk these deformities are often not apparent 
when the child is lying down; if, however, he is 
supported in the upright position the lower limbs 
immediately adopt the characteristic position of 
adduction with the feet in equinus. 

The upper limbs, where these were affected, were 
usually held in adduction and flexion, with the hand 
clenched or held in the obstetric position. 

There were 17 cases of asymmetrical quadriplegia 
or triplegia. Some of these asymmetrical cases may 
have been examples of double hemiplegia. 

There were 102 hemiplegics (60 right and 42 left). 
In nearly all these cases the upper limb was the more 
severely affected; it was usually held in the position 
described above. 

In most spastics of all types there was some 
wasting of the affected limbs, which were both 
thinner and shorter than the normal ones in cases 
of hemiplegia. The usual signs of an upper motor 
neurone lesion were generally present: ‘ jack-knife ’ 
rigidity, exaggerated tendon jerks, and extensor 
plantar responses. The knee jerk was often so 
pronounced that it could be elicited by a tap 
anywhere along the edge of the tibia. The tendon 
jerks were exaggerated in 191 out of 290 spastics 
(65:4%). In many of the cases where the jerks 
were normal or diminished in amplitude there were 
gross contractures. The plantars were extensor in 
275 cases (94-7%). Ankle clonus was uncommon. 
The abdominal reflexes were found to be unreliable 
signs of the presence or absence of an upper motor 
neurone lesion. 

Athetosis (including Choreo-Athetosis and Chorea). 
These conditions will be considered together. In 
the typical athetoid there are irregular, serpentine 
involuntary movements at rest, which become worse 
when the child is nervous or selfconscious. In 
choreo-athetosis and chorea the movements are 
more jerky. Involuntary movements are seldom 
noticeable before the age of 18 months. The very 
young athetoid is usually limp and floppy; although 
involuntary movements at rest may be absent the 
child will reach for an object unsteadily, making 
Several attempts to grasp it, the hand being held 
in the typical athetoid position of hyperextension 
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at the metacarpophalangeal and flexion at the 
interphalangeal joints. 

Older children with athetosis may subconsciously 
control the involuntary movements by becoming 
rigid, and these ‘tension athetoids’ are often 
diagnosed as spastics. In athetosis, however, the 
upper limbs are nearly always worse than the lower; 
unlike what is seen in spastic paralysis, the rigidity 
is not of the ‘ jack knife ’ type, the position of the 
hands is different, the tendon jerks are not exag- 
gerated and the plantars are flexor. (None of our 
athetoids had exaggerated tendon jerks and only 
four had extensor plantars.) 

In athetosis the involuntary movements affect 
muscles supplied by cranial nerves, leading to 
grimacing, slobbering, difficulties in swallowing and 
severe speech defects, all of which are rare in spastic 
paralysis, except among those of low intelligence. 
Even if there is no speech defect the protruded 
tongue often shows a writhing movement in 
athetosis, another distinction from spastic paralysis. 

Athetosis nearly always affects both sides of the 
body equally, but we saw two cases of hemiathetosis, 
and occasionally one side may be a good deal worse 
than the other. 

Mixed Cases. We saw 17 cases of combined 
athetosis and spastic paralysis, the upper limbs 
usually showing athetoid signs while the lower limbs 
were spastic. 

Ataxia. There were four cases of ataxia, showing 
unsteady gait, pronounced intention tremor, 
muscular hypotonia, and flexor plantar responses. 
Other cerebellar signs, such as nystagmus and 
scanning speech, were absent in our cases. 

Flaccid Cerebral Palsy. In two of our cases the 
limbs were flaccid and the tendon jerks diminished 
in amplitude; other signs, such as distribution of 
paresis, plantar responses, etc., were as seen in 
spastic quadriplegia. 

Tremor and Rigidity. There was one case, that 
of a mentally defective girl aged 7, in which tremor 
and rigidity of the Parkinsonian type were present. 

The relative incidence of spastic paralysis and 
athetosis in our series is very different from that 
found by some recent writers (e.g., Phelps, 1941b; 
Evans, E., 1946; Collis, 1947; Evans, P., 1948), 
all of whom have found athetosis to be about as 
common as spastic quadriplegia. Other workers 
find that spastic paralysis is much the commoner, 
e.g., Yannet, 1944; McGovern and Yannet, 1947; 
Ford, 1944; McCarroll, 1949. Those who believe 
that athetosis is common stress the fact that ‘ tension 
athetoids ° are commonly mistaken for spastics. 
Different criteria of diagnosis may be adopted by 
various workers. We consider that the following 
facts support our findings: (a) The physical signs 
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displayed by our spastics were those usually con- 
sidered typical of an upper motor neurone lesion. 
(b) The distribution of the lesions—in athetosis 
affecting chiefly the upper limbs and head—is 
characteristic, and helps to distinguish ‘ tension 
athetoids ’ from spastics. (c) Athetosis practically 
never spares the upper limbs completely, and so 
could not be confused with spastic paraplegia—in 
our series commoner than quadriplegia. Yet the 
paraplegics and quadriplegics clearly form a single 
group, and the dividing line between them is an 
arbitrary one. Some symptoms increase steadily in 
incidence from the mild paraplegics to the severe 
quadriplegics—for instance, microcephaly and low 
grade mental deficiency. Certain findings are 
common to both conditions; for example, the 
incidence of prematurity, of abnormal labour, of 
birth injury and asphyxia is almost identical among 
paraplegics and quadriplegics, and differs from that 
found among the athetoids. 

Selection of cases may account for the different 
findings in different series. Our cases were unse- 
lected and included many low grade defectives 
(who were mostly spastic quadriplegics) and 
numerous cases of mild paraplegia and. hemiplegia 
attending normal schools. Neither type of case is 
likely to be confused with athetosis; such cases 
were probably excluded from series such as that of 
Evans (1948), which consisted in part of children 
for whom admission to a special school for cerebral 
palsy cases was sought. 

It is possible, however, that a diagnosis of 
combined athetosis and spastic paralysis should have 
been made more frequently, for, of nine spastic 
quadriplegics selected for admission to a special 
school for spastics in Birmingham, two developed 
athetoid symptoms after a period of treatment which 
resulted in a release of tension, and the diagnosis 
was altered to one of combined athetosis and spastic 
paralysis. On anatomical and pathological grounds 
it seems likely that the two conditions would often 
be associated, for either may be cortical in origin 
(Bucy and Buchanan, 1932; Bucy, 1942; Fulton, 
1943). 


The Aetiology of Congenital Cerebral Palsy 


The following items in the history and clinical 
findings in our 349 cases may throw some light on 
the aetiology of cerebral palsy: family history, 
maternal age, maternal health during pregnancy, 
child rank, sex incidence, incidence of prematurity, 
incidence of twins, obstetric history, neonatal 
history, and serological signs of Rh incompatibility 
or syphilis. 

Family History. In only one family did we find 
two cases of cerebral palsy: a family of four 


ARCHIVES OF DISEASE IN CHILDHOOD 


included a case of spastic quadriplegia and one of 
spastic paraplegia. In seven cases near relations 
were epileptic or mentally defective and three had 
siblings with congenital defects (polydactyly, webbed 
digits, and imperforate anus). All ten cases were 
spastic. 

Maternal Age. Unfortunately this was not noted 
until towards the end of the series and the numbers 
are too small for analysis by diagnosis. 


TABLE 3 
MOoTHER’S AGE AT BIRTH OF AFFECTED CHILD (133 CASEs) 








Mother’s Age Cases Percentage 
Under 20 sed 2 3 
20-24... “ae 27 20 
25-29... wai 29 21 
30-34... oa 39 31 
35+ ‘a a 32 25 


| 


In Fig. 1 the distribution of maternal ages is 
compared with that found among legitimate mater- 
nities in England and Wales (Registrar General's 
Statistical Review for England and Wales, 1941). It 
will be noted that the mothers of children with 
cerebral palsy are, on the whole, older than the 
mothers of normal children. 

Mother’s Health during Pregnancy. This was 
usually normal. There were 26 cases of toxaemia of 
pregnancy (7-:4%), an incidence similar to that 
among all pregnancies in Birmingham (8%; Dr. 
V. M. Crosse, personal communication). In 28 
cases there was some other illness or accident during 
pregnancy, often of a trifling nature; there were 
four cases of threatened abortion and two cases of 
pneumonia during pregnancy; no mother had had 
any other infective disease, including rubella. In 
three cases the mother was a diabetic, a significant 
finding in view of the rarity of live births to diabetic 
mothers. (Fouracre Barns and Morgans, 1949, 
found that diabetes complicated one pregnancy in 
580 at University College Hospital, and state that 
this is an unusually high proportion. The combined 
foetal and neonatal mortality among 58 cases was 
i 

Child Rank. One hundred and ninety-eight cases 
(56:4%) were first born. The Registrar General 
does not give the proportion of first born among all 
births in England and Wales but an approximate 
figure is obtained by adding all illegitimate births 
to legitimate first maternities. In 1941 such 
maternities comprised 47 % of the total. The excess 
in our series is significant (S.E. 2:7). The incidence 
of first births in the different groups is given in 
Table 4; the differences are not statistically signi- 
ficant. 
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30-34 : 


20-24 25-29 


-20 3+ 
Mother's Age. 
Fic. 1.—Graph showing age distribution among mothers 


of children with cerebral palsy and mothers of all legiti- 
mate infants (Midlands I: Registrar General’s Statistical 
Review, 1941). 


Out of 198 firstborns, 97(49 %), were only children, 
often because the mother had been afraid to have 


j TABLE 4 
INCIDENCE OF First BIRTHS 





No. of | 








; Cases 
Diagnosis Cases | First Born| Percentage 

Athetosis  .. =... 36 2 «| 61 
Symmetrical spastic | 

quadriplegia < 77 40 52 
Asymmetrical spastic 

quadriplegia me 18 10 44 
Paraplegia .. =f 90 53 | 59 
Right hemiplegia .. 60 27 45 
Left hemiplegia * 42 26 62 
Other spastics ag 3 1 os 


Others Be a 23 19 76 





another baby for fear it might be similarly affected, 
or because the handicapped child required so much 
looking after. 

Sex Incidence. There were 199 boys (57%) and 
150 girls (43%) in our series. Among the general 
population 51-3 % of live births are males (Registrar 
General’s Statistical Review, 1941). The excess of 
males in our series is on the borderline of statistical 
ignificance (S.E. 2-7). Table 5 gives the sex 
incidence in the different groups. Among. all 
spastics there is a significant excess of males (58-4 %, 
S.E. 2-9); although several sub-groups show a 
slight excess of males, the excess is significant only 


among the symmetrical quadriplegics (S.E. 5-7), 
where the male:female ratio is 2:1. 


TABLE 5 
SEX INCIDENCE 








No. of 
Diagnosis Cases Males Percentage 

Athetosis i yi 33 18 50 
Symmetrical spastic 

quadriplegia ne 77 51 66 
Asymmetrical spastic 

quadriplegia - 18 11 60 
Paraplegia .. nd 90 46 52 
Right hemiplegia .. 60 32 53 
Left hemiplegia - 42 28 66 
Other spastics me 3 2 — 
Others a a 23 1] 48 
All spastics .. ..| 290 170 58-4 





Incidence of Prematurity. In 128 cases (39-4%) 
the birth weight was 54 Ib. or less. This is nearly 
eight times the percentage of prematurity among 
normal one-year-olds (5%). The differences in 
incidence among the various groups are not statistic- 
ally significant. 

TABLE 6 


INCIDENCE OF PREMATURITY BY DIAGNOSIS 





No. of | Premature Percentage. 





Diagnosis Cases Cases 

Athetosis - ne 36 10 28 
Symmetrical spastic | 

quadriplegia i 77 35 45-4 
Asymmetrical spastic 

quadriplegia ie 18 7 39 
Paraplegia .. on 90 39 43-9 
Right hemiplegia .. 62 17 27-4 
Left hemiplegia = 42 14 33-3 
Other spastics ai 3 0 _ 
Others 7 a 23 6 28 





Incidence of Twins. Nineteen of these children 
were twins (5-4%), more than four times the normal 
incidence (1:2%). This difference is highly signi- 
ficant (S.E. 0-26). In nine cases the twin sibling 
was normal; in ten the twin was stillborn or died 
soon after birth. In no cases were both twins 
affected. 

The incidence of twins was highest among the 
spastic quadriplegics, symmetrical and asym- 
metrical; in the former group the incidence was 
significantly in excess of that among the general 
population (S.E. 3-6). 

It is interesting to note that twinning is most 
frequent among mothers in the 30-34 age group 
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TABLE 7 
INCIDENCE OF TWINS 








No. of No. of 
Diagnosis Cases Twins Percentage 

Athetosis hes . 36 0 _ 
Symmetrical spastic 

quadriplegia ba 77 8 11 
Asymmetrical spastic 

quadriplegia 7 18 3 16 
Paraplegia .. ae 90 3 a 
Right hemiplegia .. 60 2 3 
Left hemiplegia io 42 2 5 





(Registrar General’s Statistical Review for England 
and Wales, 1943). This is also the commonest age 
group in our series (Table 3). 

Abnormal Labour. In considering the incidence 
of abnormal labour we have excluded premature 
babies because (a) from the point of view of the 
premature infant no labour is normal, and (5) the 
mother often did not see her baby for days or weeks, 
and so could not report on its neonatal condition. 

Among 221 deliveries of full term infants (i.e., 
those with a birth weight of over 54 lb.) there were 
87 abnormal labours (39%). There were 53 cases 
of forceps delivery (24%). Thirty-four labours (15%) 
were otherwise abnormal (16 lasted 36 hours or 
over, five were precipitate, nine were cases of breech 
birth, two Caesarean sections, one severe haemor- 
rhage, and one case of prolapsed cord). The forceps 
rate is 5% in Birmingham (Dr. V. M. Crosse, 


personal communication) with about 5% of other 
abnormalities of labour. Thus, abnormal labour 
was nearly four times as common in our series as 
among the general population. In 113 cases labour 
was normal and the mother received no anaesthetic 
or analgesic; in only 11 cases was the mother given 
any anaesthetic or analgesic during the course of a 
normal labour. In ten cases the obstetric history 
was unknown. A further analysis appears in 
Table 8. 

Birth Injury and Asphyxia. This group includes 
babies who were blue or white at birth, those who 
could not suck or cry, those who had fits during 
the first days of life, those with severe external injury 
and those whom the mother was not allowed to see 
for many hours or days. Out of 221 full term babies 
85 (38%) had such symptoms (Table 9). 

Neonatal apnoea, cyanosis, feebleness, and con- 
vulsions might be caused by a poorly developed 
brain or by a brain damaged at birth. If birth 
injury is the cause of such symptoms we would 
expect them to be commoner after abnormal labours. 
In our series this was what we found. Among 87 
children born after an abnormal labour 57 (65-5 %) 
had signs of birth injury or asphyxia; out of 124 
cases where labour was normal 28 (22-:6%) showed 
such signs. In Table 8 these figures are further 
analysed. It will be seen that, except among cases 
of symmetrical quadriplegia, the majority of children 
born after an abnormal labour showed signs of 
birth injury or asphyxia, whereas the reverse is true 
of those where labour was normal. 


TABLE 8 


INCIDENCE OF BIRTH INJURY, ETC., AFTER ABNORMAL AND NORMAL LABOUR 




















No. of 
Diagnosis Cases Abnormal Labour Normal Labour* 
With Without With Without Obstetric 
Total | Birth Injury Birth Injury Total | Birth Injury Birth Injury History 
Unknown 
No. ZA No A No. % No. s 
Athetosis.. awe 17 12 60 3 40 8 2 25 6 75 ] 
Symmetrical quadri- 
plegia .. .. 43 12 5 42 7 58 31 11 36 20 64 0 
Asymmetrical quadri- 
plegia .. ee 3 3 100 0 0 8 1 12 7 88 0 
Paraplegia .. --| oo 16 10 63 6 37 28 5 18 23 | 82 6 
Right hemiplegia .. 43 16 10 63 6 37 26 3 12 23 | 88 1 
Left hemiplegia .. 28 11 9 | 82 2 18 15 2 13 13 83 2 
Other spastics - 3 0 0 0 0 0 3 1 33 2 66 0 
Others ai ind ee 12 8 | 66 4 33 5 3 60 2 40 0 
1424 | 28 | 22-6) 96 | 77-4) 10 





Total ..  .., 221 | 87 | 57 (65-5 | 30 | 34-5 





* Including those where an anaesthetic was administered but labour was otherwise normal. 
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Abnormal labour and birth injury were most - - rer ane 3 vm. — five children. 
common among athetoids; the incidence is signi- aundiced at birth. Mild athetosis. 
ficantly in excess of that in the whole series (S.E. 9-5). —. = ont Rie CDelede” 

Among spastics, rather more hemiplegics than Child A Rh+ RIi/r CDe/cde ? anti A. 
quadriplegics were born after an abnormal labour, Case 2. Girl, aged 20 months. Second child. 
but the differences are not statistically significant. Jaundiced aged 2 days for one month. Severe 

It is interesting to note that the athetoids show the athetosis. me 
largest percentage of abnormal labours (65) and Father: Al R1/R2 CDe/cDE Kell ? positive. 
tiny t t f babi 28): th Mother: Al R2/r cDE/cde Kell negative. 
the lowest percentage of premature babies (28) ; the Child: Al R1/R2 CDe/cDE Kell ? positive. 
opposite is true of the spastic quadriplegias (28% ? anti Kell or anti C. 

TABLE 9 


INCIDENCE OF ABNORMAL LABOUR AND OF BIRTH INJURY OR ASPHYXIA AMONG 221 FULL TERM INFANTS 














| 
No. of Abnormal | Birth Injury | 
Diagnosis Cases Labour Percentage | or Asphyxia | Percentage 
Athetoss .. .. .. «| 26 17 65 | 14 | 55 
Symmetrical spastic quadriplegia .. 43 12 28 | 16 | 37 
Asymmetrical spastic quadriplegia 11 | 3 27 4 37 
Paraplegia ae as 50 16 32 | 15 | 30 
Right hemiplegia .. nd a 43 16 37 13 | 30 
Left hemiplegia eas - ate 28 11 39 11 39 
Other spastics i? ou ee 3 | 0 — | 1 — 
Others anaes 17 | 12 70 | 11 | 64 
210 87 39 | 85 | 38 
| 
abnormal labours and 45-4% premature). This Of the seven cases in which Rh tests were not 
relationship is shown in Fig. 2. carried out, four were first born. In only one of 


Neonatal Jaundice. Twelve out of 36 athetoids the remaining three cases did the history suggest 
(33%) had a history of severe neonatal jaundice; kernicterus due to Rh iso-immunization. 
only seven out of the remaining 313 
cases had such a history. The cause 9 
of the jaundice in these cases is 9 
unknown; some may simply have had 607 
unusually pronounced physiological 
icterus. Among the athetoids five 
out of ten premature babies were 
jaundiced, whereas only four out of 
the remaining 118 premature babies 
were yellow. 

Cases of known kernicterus due 
to Rh_ iso-immunization will be 
discussed later; if we include these 
cases we find that out of 55 athetoids, 
31 had a history of neonatal jaundice. 204 

Rh tests were done in five of the 
12 cases at present under considera- 
tion and gave no indication of 
ordinary Rh incompatibility. Geno- . 
types were determined in four of A era Yj: aay 
these cases. In two cases there was 
no incompatibility of any known Sym. Quad. Para. R.Hemi. L.Hemi. 
factor; in the other two the blood fFyc, 2.—Diagram showing relationship between abnormal labour and 
groups were as follows: cerebral palsy. 


Y Abnormal labours 
~ (excluding prematures) 





#4 Premature infants 


40- 
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In four cases of athetosis there was a history of 
birth injury or asphyxia as well as jaundice; in two 
of these labour was abnormal. 

Rh Incompatibility. Rh tests were carried out in 
75 unselected cases, apart from the 19 cases of 
kernicterus discussed later (13 athetoids, 56 spastics, 
and six others). In 66 cases (88%) the mother’s 
blood was Rh+ or both mother and child were 
Rh—. In nine cases (12%) the mother was Rh 
negative and the child Rh positive. This association 
is found in 8-2% of the general population. The 
difference is not statistically significant. 

Syphilis. There were no clinical signs of con- 
genital syphilis in any of these cases, and in 27 
unselected cases (seven athetoids, 18 spastics, and 
two others) the blood Wassermann reaction was 
performed and found to be negative. 


Discussion 

More than a century ago Little first described the 
disease which bears his name, and noted that, in 
many, cases of spastic paralysis, there was a history 
of abnormal labour. He considered that asphyxia, 
by causing ‘capillary apoplexies,’ was the cause 
of the brain damage. After nearly a century of 
controversy we are but little nearer to an under- 
standing of cerebral palsy. All agree that, in many 
cases, of cerebral palsy, there is a history of premature 
birth, difficult labour, or neonatal signs such as 
asphyxia, convulsions, feeble cry and inability to 
suck. Lumbar punctures on such infants often 
reveal bloodstained fluid (Roberts, 1939) and even 
normal babies may have bloody cerebrospinal fluids 
(Sharpe and Maclaire, 1924). 

When birth-injured babies die at or soon after 
birth, intracranial haemorrhage is commonly found; 
the subject is discussed in detail by Craig (1938). 
Asphyxia at birth produces multiple petechial 
haemorrhages in the brain and other organs, but 
there is no evidence that such petechiae cause 
permanent ill effects in surviving children (Ford, 
1926; 1944). Schwartz (1927) found that punctate 
haemorrhages into the grey matter surrounding the 
ventricles were common in babies dying soon after 
birth, and were associated with engorgement of the 
veins of the Galenic system. This engorgement he 
attributed to pressure changes inside the skull, such 
as occur even during a normal labour. 

Can such findings be correlated with the post- 
mortem appearances of the brain in cases of cerebral 
palsy dying many years after the supposed birth 
injury ? Here wefindnoagreement. Freud (1897), 
Collier (1924), Grulee (1936) and many others reject 
the birth injury theory. Patten and Matthews 
(1935), Stewart (1942), Ford (1944), and McGovern 
and Yannet (1947) consider that birth injury rarely 
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causes symmetrical spastic paralysis, although it 
may cause hemiplegia. Alpers and Marcovitz 
(1938), however, state that the post-mortem findings 
in a proportion of cases are compatible with a 
traumatic aetiology. Benda (1945) studied the 
neuropathology in 24 cases and considered that his 
findings supported the birth injury theory. 

In cases of symmetrical spastic paralysis (quadri- 
plegia and paraplegia) the commonest pathological 
findings are those of cerebral agenesis and atrophic 
lobar sclerosis (Ford, 1944). The former is generally 
accepted as a state of arrested neural development 
and the latter as a degenerative condition. Alpers 
and Marcovitz (1938) consider that the degenerative 
changes could be the result of trauma, inflammation 
or vascular occlusion, whether intrauterine, natal, 
or post-natal in origin, but many others (e.g., Collier, 
1924) disagree. One of the difficulties in accepting 
birth trauma as the cause of many cases of ‘ Little’s 
disease ’ is the fact that the paralysis is usually 
symmetrical, whereas birth haemorrhage is nearly 
always asymmetrical in distribution (Craig, 1938; 
Ford, 1944). However, Benda (1945) stresses the 
fact that a symmetrical paralysis may be associated 
with an asymmetrical pathological lesion. 

In hemiplegia and other forms of asymmetrical 
paralysis porencephaly may be found, and this may 
be attributed to vascular accidents, at birth or 
otherwise. Bilateral porencephaly may also be 
found in cases of symmetrical paralysis. 

In athetosis the lesion is commonly situated in the 
basal ganglia, although the cerebral cortex is usually 
affected too. ‘ Marbling’ of the corpus striatum 
in athetosis was first described by Vogt and Vogt 
(1920). The marbling (status marmoratus) is pro- 
duced by a network of myelinated nerve fibres 
surrounding paler islands of glial cells and fibres. 
Benda (1945) found that marbling of the basal 
ganglia was often associated with cortical vascular 
lesions, and quotes experimental work to show that, 
in animals, such marbling may follow removal of 
the cortex. Norman (1947) described three cases 
in which status marmoratus appeared to be attribut- 
able to birth injury. He relates the characteristic 
distribution of the marbling to the engorgement of 
the Galenic venous system often found in babies 
dying of birth injury (Schwartz, 1927), for these 
veins drain the basal ganglia. It is noteworthy that, 
in two of his cases, gross cortical lesions were also 
present. 

It would seem that the part played by birth injury 
in the aetiology of cerebral palsy could best be 
estimated by following up a large number of birth- 
injured babies, but few such follow-ups have so far 
been published. Roberts (1939) described the 
findings in 66 cases of proved intracranial birth 
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haemorrhage, followed up for periods of up to 
15 years. Fourteen of these cases had a residual 
mental and/or motor defect; there were nine cases 
of spastic paralysis associated with mental defect, 
and four had motor defects alone. It is instructive 
to note that only two of these 14 cases were Negroes, 
although, in a series of many thousand births he 
found that Negro infants were just as susceptible 
to intracranial haemorrhage as white. This suggests 
that genetic, as well as traumatic, factors are 
involved. Roberts quotes other workers who found 
that congenital abnormalities of the nervous and 
other systems were rare among Negroes. 

A much larger series has been studied by Professor 
W. S. Craig(see page 325). Over a period of 17 years 
he personally examined 593 newborn babies with signs 
of intracranial irritation due to birth trauma and 
followed them up for periods of up to five years. 
In 56 cases he found residual mental and/or physical 
defects, including 41 cases of cerebral palsy (17 
hemiplegics, five asymmetrical quadriplegics, eight 
monoplegics, two diplegics, four cases of hydro- 
cephalus, and five of athetosis or ataxia). The 
preponderance of asymmetrical palsies is note- 
worthy. Thus it would appear that, whereas many 
consider that congenital hemiplegia and, perhaps, 
athetosis, may be the result of birth injury, sym- 
metrical spastic paralysis is more often believed to 
be the result of genetic or intrauterine causes. What 
these causes are remains a mystery. Evidence of 
genetic abnormality is rare, and so is a history of 
maternal illness or injury during pregnancy. 


Aetiological Evidence from this Series 

This is based on the history and clinical findings 
in 349 cases. We found that a history of pre- 
maturity, difficult birth or a stormy neonatal period, 
was very common, thus confirming other workers’ 
findings. Thus, in 128 cases (39-4%) the birth 
weight was 54 lb. or less, and, of the remaining 221 
cases, 87 (39°) were born after an abnormal labour 
and 85 (38%) had signs of neonatal asphyxia or 
injury. Few mothers had any anaesthetic or 
analgesic if labour was normal, suggesting that drugs 
were not in themselves important in this series. 
There were more firstborns, more twins, more 
children of older mothers, and rather more boys 
than would be expected in a random sample of the 
general population. 

These figures are more helpful when further 
analysed. We then find that the incidence of 
abnormal labour and a stormy neonatal period is 
higher among athetoids than spastics. On the other 
hand, the sex incidence and the incidence of twins 
among the athetoids is similar to that among the 
general population, whereas, among spastics, we 


found more boys and more twins than would be 
expected by chance. The excess of males is most 
marked among the spastic quadriplegics, where there 
were twice as many boys as girls. 

More spastics than athetoids were premature 
babies, but the difference is not significant. Nor is 
the difference in incidence of firstborns ; the 
maternal age was not recorded often enough for an 
analysis to be of value. 

These figures suggest that birth injury more often 
causes athetosis than spastic paralysis, thus confirm- 
ing the findings of Evans (1948). The high incidence 
of males among the spastics, especially among the 
spastic quadriplegics, suggests the possibility of a 
congenital defect in many of these cases, for most 
congenital defects have a predeliction for one sex 
or the other. (Thus, in hydrocephalus the male: 
female ratio is 1:27; in spina bifida it is 0:7—Woolf, 
1946.) Similarly, twins have a higher than normal 
incidence of congenital defects, and twins were 
commoner among spastics than athetoids. 

The frequent history of prematurity among 
cerebral palsy cases has been variously explained. 
Premature babies are more liable than full term to 
suffer intracranial damage. Freud (1897), however, 
suggested that some congenital abnormality caused 
both the brain defect and the premature onset of 
labour. This view is supported by the high incidence 
of congenital abnormalities among premature 
infants; thus Crosse (1949) found that 5-7% of 
premature and 0-8% of full term infants (live and 
stillborn) had congenital abnormalities. In our 
series prematurity was more common among spastics 
than athetoids, and, though the difference is not 
statistically significant, it is at least suggestive that 
the group with the greatest incidence of birth-injured 
babies had the smallest percentage of premature 
infants and vice versa. 

Among spastics we found no definite evidence 
that birth injury is more likely to cause an 
asymmetrical than a symmetrical paralysis, 
unlike most other workers (e.g., Ford, 1926; 
McGovern and Yannet, 1947; Craig, 1950). The 
incidence of prematurity, abnormal labour and 
birth injury was not significantly different among 
the various types of spastic paralysis. Similarly, 
we did not confirm Ford’s findings that hemiplegics 
usually have larger heads than children with 
symmetrical spastic paralysis, which he considers to 
be additional evidence that hemiplegia is more often 
traumatic, symmetrical paralysis, developmental, in 
origin. We found that, on average, the worse the 
paralysis the smaller the head, irrespective of the 
symmetry of the lesion. Thus, more than half our 
spastic quadriplegics had small heads, compared 
with 279% of hemiplegics and 19% of paraplegics. 
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If it is agreed that spastic paralysis is often the 
result of causes operating before birth we still have 
no notion what these causes may be. There is little 
evidence of genetic factors—the incidence of 
associated congenital abnormalities is not excessive, 
and a family history of any central nervous or other 
congenital defect is rare. There is no unusual 
incidence of any maternal illness during pregnancy, 
except of diabetes, which may have caused three 
cases in our series—all, incidentally, cases of 
asymmetrical spastic paralysis. Maternal age may 
be a factor, for elderly mothers are more likely to 
give birth to abnormal infants (e.g., mongols) but, 
on the other hand, an elderly mother is also more 
likely to have an abnormal labour. We found no 
evidence that syphilis causes cerebral palsy, nor 
difference in Rh group in the absence of frank 
haemolytic disease of the newborn. 

Finally, there is the remarkable incidence of 
neonatal jaundice among athetoids in our series. 
Excluding 19 cases of known kernicterus, there was 
a history of severe jaundice at or soon after birth 
in 12 out of 36 cases of athetosis (33%) and in only 
seven out of the remaining 313 cases. If cases of 
known kernicterus are included we find that there 
was a history of jaundice in 31 out of 55 athetoids 
(56:6%). Although Rh iso-immunization could not 
be excluded in all 12 cases, it was absent in the five 
cases where Rh tests were done, and, in two of the 
four cases where genotypes were determined, there 
was no incompatibility of any known factor. This 
suggests that the neurological complications of 
icterus neonatorum are not peculiar to cases of 
Rh incompatibility and cannot therefore be the 
result of antibody fixation in the tissues. The 
jaundice itself, or the hepatic insufficiency of which 
it is the sign, appears to cause the nuclear damage 
which results in athetosis. This confirms the findings 
of Baar (1945) who described two infants in whom 
post-mortem examination showed liver damage and 
necrotic foci in the central nervous system without 
erythroblastosis or Rh incompatibility. One infant 
was jaundiced, the other was not; in the non- 
jaundiced case the nuclear lesions were similar to 
those found in kernicterus, but bile staining was 
absent. He concludes that ‘kernicterus’ is a 
hepatic encephalopathy, and that the bile staining 
is secondary to the nuclear necrosis. Findlay, 
Higgins, and Stanier (1947) have shown that 
‘ physiological icterus’ is due to hepatic insuf- 
ficiency, not to excessive haemolysis, so it is possible 
that the hepatic defect may, in some cases, be 
sufficient to damage the brain. 

To sum up: our evidence suggests that congenital 
athetosis is, in most cases, the result of damage to 
the brain at, or soon after, birth, associated with 
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either birth injury or neonatal jaundice. Congenital 
spastic paralysis may be the result of unknown 
antenatal causes, or of birth trauma or, perhaps, of 
both. 


B. ACQUIRED CEREBRAL PALSY 


Kernicterus 


There were 19 cases of athetosis or choreo- 
athetosis following icterus gravis neonatorum, in 
which the serology and family history were typical 
of haemolytic disease of the newborn. These are 
described as cases of kernicterus. In the present 
series the blood of every child was Rh positive, the 
mother being Rh negative. In ten cases the 
mother’s serum contained anti Rh agglutinins and 
blocking antibodies; in seven cases blocking anti- 
bodies only were found and two had neither 
agglutinins nor blocking antibodies. In every case 
there was at least one normal, elder sibling; in eight 
families other siblings had been affected. 

The symptoms and signs in these cases differed 
in no way from those of the other athetoids already 
described. Every degree of severity was seen, from 
that of a helpless, bedridden idiot to an attractive 
little girl with scarcely perceptible movements and 
an I.Q. of 100. There was no correlation between 
the severity of the neonatal jaundice and that of 
the central nervous defect. 

It is unlikely that, in other series, such a large 
proportion of athetoids would prove to be cases of 
kernicterus (19 out of 55 cases, i., 34%). A 
number of our cases were young children with mild 
athetosis referred to us by Dr. Gerrard, who was 
following up cases of haemolytic disease of the 
newborn. Some of these cases would probably have 
been missed had the neonatal history not led to this 
follow-up. 


Post-meningitic Cerebral Palsy 

There were nine cases of paralysis following an 
illness diagnosed as meningitis; two other cases of 
progressive hydrocephalus and paralysis of obscure 
origin may also have been post-meningitic and are 
here included. 

The meningitis in two cases was meningococcal; 
there were two cases of pneumococcal and one of 
H. influenzae meningitis. In three cases no organism 
was discovered in the cerebrospinal fluid: two of 
these cases had a lymphocytic pleocytosis. In the 
remaining case no details concerning the original 
illness were available. 

Hydrocephalus. Five of these nine cases were 
hydrocephalic; they had all had meningitis under 
the age of six months, whereas the non-hydrocephalic 
cases had been over six months old at the time of 
the illness. 
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Type of Paralysis. The hydrocephalics all had a 
paraplegia or quadriplegia; the four remaining cases 
included two hemiplegics, one paraplegic, and one 
case of quadriplegia. The paralysis was spastic in 
every case. 

Fits. Two of these children had frequent 
generalized convulsions; one had had a series of fits 
seven years after the original illness. 

Intelligence. Probably all these children were 
mentally retarded, though in three cases the I.Q. 
was not yet assessable. Three children were low 
grade mental defectives. Further details are given 
in Table 10. 

In five of our cases spastic paralysis followed an 
attack of purulent meningitis during the first 15 
months of life. Such a sequel to meningitis is, 
fortunately, uncommon. Matthews (1949) followed 
up 42 children who had had meningitis, treated with 
sulphonamides, in infancy or early childhood; only 
one had developed spastic paralysis. He concludes 
that the sulphonamides have not only reduced the 


mortality of meningococcal meningitis, but they have 
also improved the outlook for those that survive. 
It is noteworthy that only two of our cases had had 
meningococcal meningitis, although our survey 
covered those whose infancy had been passed in the 
epidemic years 1940 and 1941. Braid and Meyer 
(1949) described 15 cases of H. influenzae meningitis 
treated with sulphadiazine and penicillin or strepto- 
mycin. Of the 12 who recovered one developed 
spastic paralysis (our Case 5), and she had been ill 
for 14 to 21 days before treatment was begun. 
Similarly, one of our meningococcal cases had had 
no specific treatment for several days, owing to 
delay in making the diagnosis. It is unfortunate 
that the insidious onset of some cases of meningitis 
in infancy makes early diagnosis difficult, for it 
appears that purulent meningitis, promptly diagnosed 
and treated with the appropriate sulphonamide or 
antibiotic, is unlikely to cause permanent brain 
damage. 

In two of our cases (Nos. 6 and 7) paralysis 


TABLE 10 


ANALYSIS OF NINE CASES OF POST-MENINGITIC CEREBRAL PALSY 








Age of 
Case! Sex Onset of Car. Treatment Present Hydro- | Fits 1.Q. 
| Meningitis Condition cephalus 
(months) | 
1 | M. 4 Purulent; Sulphapyridine Paraplegia, fits, Yes Yes Idiot 
meningococci helpless 
2, M. 23 Purulent; ‘Sulphonamides’ | Quadriplegia Yes No Not yet 
meningococci | assessable 
3 | F. 3 Purulent; Sulphapyridine Paraplegia Yes On 65 
pneumococci one 
occa- 
| sion 
4| F. 8 Purulent; Sulphonamides ; Left hemiplegia No No Not yet 
pneumococci systemic and assessable 
intrathecal 
penicillin | 
5 | F. 7 1,000 cells, Ptn 340. Penicillin; | Quadriplegia; No | Yes Low 
H. influenzae sulphadiazine | fits 
6 | F. 6 Sterile; 400 cells, | Sulphamerazine + | Paraplegia Yes No 73 
61% lymphocytes. soluseptasine 
Cl. 655, Ptn 150. | 
7 F, 15 Sterile; 310 lym- | Sulphonamides Right hemiplegia No No 80 
phocytes | | 
8 | M. 3 Sterile; (no details)/ Sulphapyridine Quadriplegia; | Yes No __ | Probably 
| | very severe | | low 
9 | M. 12 | Unknown Unknown Paraplegia | No No 84 
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followed an illness diagnosed clinically as meningitis 
in which the C.S.F. showed a lymphocytic pleo- 
cytosis. Acute lymphocytic meningitis nearly always 
runs a benign course and such sequels must be very 
rare. Hence a retrospective diagnosis of encephalitis 
might be considered in such cases. In epidemic 
encephalitis Type B (e.g., St. Louis encephalitis, 
Japanese encephalitis) meningitic symptoms occur, 
the C.S.F. shows an excess of lymphocytes (rarely 
exceeding 250 cells per c.mm.), and spastic paralysis 
has been reported in survivors, although very rarely 
(Ford, 1944). Post-mortem studies show that the 
disease is a meningo-encephalitis, and it is possible 
that Case 7, with its modest pleocytosis (310 lympho- 
cytes per c.mm.) and residual hemiplegia, may have 
had a disease of this nature. In Case 6, however, 
where there were 400 cells per c.mm. in the C.S.F., 
and where hydrocephalus and paraplegia developed, 
invasion of the meninges by an unknown agent must 
be assumed. 


Doubtful Post-meningitic Cerebral Palsy 


Case 1. A _ two-year-old girl began to walk 
unsteadily; paralysis of the legs gradually developed 
and later the head began to enlarge. When seen at 
the age of 2 years 10 months she could not walk; 
there was spastic paralysis of the legs, marked 
hydrocephalus, and blurring of the optic discs. The 
C.S.F. was under increased pressure and contained 
20 white cells perc.mm. A ventriculogram showed 
internal hydrocephalus. The child progressively 
deteriorated and was sent home, no treatment being 
of any avail. Diagnosis: ? chronic post-basic 
meningitis. 

Case 2. A boy aged 14 months developed a 
complete paralysis of the left sixth and seventh 
cranial nerves. The C.S.F. was normal. The head 
began toenlarge. Two years later spastic paraplegia 
gradually developed. At the age of 7 the condition 
now appears to be stationary; he has a head 
circumference of 234 in., complete left sixth and 
seventh cranial nerve palsies and moderately severe 
paraplegia. His I.Q. is 75. 

These two might be described as cases of 
‘ arachnoiditis.. Ford (1946) discusses this ill- 
defined condition. The term is applied to cases 
of hydrocephalus of obscure causation, often 
complicated by cranial nerve palsies and spastic 
paralysis; there may or may not be a history of 
some ill-defined febrile illness at the onset. At 
operation or necropsy proliferation and adhesions 
of the leptomeninges are found, with resultant 


cyst formation. Subclinical meningitis, otitis 
media, and trauma have at different times 
been blamed. 
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Cerebral Palsy of Infective Origin (excluding 
Meningitis) 
Case 1. A baby girl developed normally till the 
age of 8 months, when she had cervical adenitis 
and bronchopneumonia. She then seemed to ‘ flop ’ 


- completely; before that she had been sitting up well. 


She is now 12 years old, very unsteady, and cannot 
walk unsupported; there is an intention tremor of 
the hands. The I.Q. is below 50. 

Diagnosis: ? cerebellar ataxia of toxic or infective 
origin. 

Case 2. A girl of 7 had a severe attack of 
poliomyelitis (of which no details are available); 
before that she had developed normally. When 
seen one year later the right arm was spastic, the left 
flaccid and wasted. Both legs were wasted with 
absent knee jerks but marked ankle clonus and 
extensor plantar responses. Her I.Q. was 95. 


Acute Infantile Hemiplegia 


There were 12 cases of acute infantile hemiplegia 
of unknown causation, and two cases of hemiplegia 
occurring during the course of measles and 
diphtheria (Table 11). 

The former group of 12 cases included seven girls 
and five boys. Six were firstborn. Seven were 
born at term after a normal labour; three were born 
prematurely and two suffered from birth injury or 
asphyxia after an abnormal labour. Thereafter the 
children developed normally for a year or two, 
except in two cases; in one of these there was a 
doubtful history of dragging the affected foot, in 
the other the affected hand appeared to be weak in 
the early stages. In all twelve cases a fit, or series 
of fits during the first or second year, was the first 
definite symptom of cerebral mischief, and in each 
case occurred when the child seemed to be in good 
health. Usually the hemiplegia became apparent as 
the child emerged from the first series of convulsions, 
but in three cases repeated fits occurred before 
paresis developed. In two of these cases lasting 
hemiplegia developed after a fit of unusual severity; 
in the third case the child had repeated attacks of 
left-sided convulsions followed by a transitory left 
hemiplegia; after two or three years the paralysis 
gradually became more persistent and finally a mild 
hemiplegia was permanently established. In every 
case except the last the paralysis was most severe at 
its onset, and thereafter improved or remained 
stationary. 

The residual physical and mental handicap was 
severe in most cases. The hemiplegia was severe 
or moderate. Eleven out of 12 children continued 
to have fits after the hemiplegia was established 
(compared with 24-2% of congenital hemiplegics); 
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both generalized and Jacksonian convulsions 
occurred. One case had a left-sided hemianopia. 
Out of 11 children whose intelligence could be 
tested, ten were moderately or severely defective. 


Hemiplegia Associated with Specific Fevers 

There were two of these. One girl had measles 
at the age of 18 months; while the rash was still out 
she had a series of right-sided convulsions lasting 
48 hours, after which a right hemiplegia became 
apparent. The second case was that of a girl who 
had severe faucial diphtheria at the age of 7 years. 
On the eighth day she collapsed with signs of acute 
heart failure. Next day she was found to have a 
right hemiplegia and speech was difficult. The 
paralysis improved while she was in hospital but 
defective speech and mentality were noted on 
discharge. She was later found to have left optic 
atrophy and right hemianaesthesia; occlusion of 
the left internal carotid artery must have occurred. 
This was the only case in the series where the 


hemiplegia was not ushered in by fits; Jacksonian 


convulsions developed some years later. 


Discussion 

The aetiology of infantile hemiplegia has long 
been a matter for argument; the literature is 
summarized by Ford and Schaffer (1927) and Wyllie 
(1948). 

In our series the history in most cases suggests a 
vascular catastrophe rather than encephalitis as the 
cause of the hemiplegia. Thus, the sudden onset in 
a healthy child, the paralysis (in all but one case) 
which is maximal when first apparent, the normal 
cerebrospinal fluid (in the four cases in which it was 
examined) are all suggestive of a vascular rather than 
an encephalitic origin. Arterial occlusion may also 
have caused the two cases of hemiplegia which 
occurred during specific fevers. The diphtheritic 
case may have had an arterial embolism secondary 
to a cardiac thrombosis. (Ford found in the 
literature reports of necropsies on 21 diphtheric 
cases; cerebral embolism was found in 13 of them.) 
Cerebral arterial thrombosis may have caused the 
hemiplegia in the measles case, for other arteries are 
known to be thrombosed in severe cases of measles. 
However, the fact that in five out of our twelve 


TABLE 11 


ANALYSIS OF 14 CASES OF ACUTE INFANTILE HEMIPLEGIA 








Age at Age at 
Sex Child Birth History Infection Onset of Inset of L/R Persistent 1.Q. 
Rank at Onset Fits Hemiplegia Fits 

3 I Normal None 10 mths. 10 mths. R Yes 51 
F. 2 Premature None 18 mths. 3 yrs. 5 Petit mal 67 
F. l Forceps; asphyxia None 2 yrs. 4 yrs. R Yes 60 
F, 4 Normal None 18 mths. 18 mths. R Occasional 91 
F. 3 Premature None 2 yrs. 2 yrs. L Petit mal and 59 

grand mal 
F 4 Normal None 15 mths. 15 mths. R Occasional 85 
F 10 Caesarean section; None 14 mths. 14 mths. R Yes 62 
baby not expected (after 2nd 
to live fit) 
M. | Normal None 20 mths. 20 mths. i. Yes 53 
M. 6 Premature None 18 mths. 18 mths. R Yes 48 
M. l Normal None 15 mths. | 15 mths. R Petit mal 46 
M. | Normal None 18 mths. | 18 mths. # No Not yet 
assessable 

M. 1 Normal None 2 yrs. 5 yrs. L Jacksonian 84 
f 2 Normal Measles 18 mths. 18 mths. Jacksonian 62 
F 4 Normal Diphtheria 10 yrs. 7 yrs. R Jacksonian 48 
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non-infective cases there was a history of prematurity 
or birth injury is suggestive, and it is possible that, 
in these cases, there was some brain damage of natal 
or prenatal origin which did not manifest itself until 
a year or two later. Moreover, in two cases there 
was a doubtful history of some weakness of hand or 
foot before the onset of the hemiplegia. To sum up: 
our cases suggest that acute infantile hemiplegia is 
the result of a vascular accident of unknown cause; 
it is possible that in some cases some intracranial 
abnormality has been present from birth. 


Progressive Degenerative Spastic Paralysis 

There were four of these cases, of which one was 
familial. In a second case it was too early to say 
whether or not the disease would affect other 
members of the family. 

In all four cases the child appeared to develop 
normally for the first few years of life, when weakness 
of the legs became gradually noticeable. From then 
on the disease progressed steadily or in jerks, until 
a severe degree of mental and physical defect was 
present. 


Cerebral Palsy following a Head Injury 
A girl of 3 years had a depressed fracture of the 
skull and developed a left hemiplegia. When seen 
by us at the age of 12 the paresis was mild and her 
I.Q. was 85. 


THE PSYCHOLOGICAL AND EDUCATIONAL 
ASPECTS OF THE SURVEY 


From a psychological point of view the aims of 
this research were to obtain an estimate of the 
distribution of intelligence in the group of cerebral 
palsied children; to use the experience of giving 
individual psychological tests to approximately 400 
children of varying degrees of physical disability 
to furnish a background from which certain tentative 
suggestions ‘could be made for dealing with this 
problem, one of the most difficult in mental testing; 
to obtain an estimate of the general reading attain- 
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ment of the group, by giving a standardized reading 
test to all children capable of responding. 


The Selection of Cases 

Of the 400 cases submitted for medical examina- 
tion all, except two, between the ages of 3 and 
15 years inclusive, were also seen by the psychologist. 

Experience throughout the survey tended to 
confirm our original policy of caution in forming 
definite estimates of intelligence for young severely 
handicapped cerebral palsy children and for most 
of those who had not yet reached their third birth- 
day. There were a number whose early history 
suggested that the child would be mentally defective, 
and indeed a few, who had actually been certified, 
were later proved to be of normal or slightly 
subnormal intelligence. In such, not only do the 
parents suffer unnecessary anxiety, but often the 
children are deprived of full opportunity to develop 
latent powers because it is considered waste of time 
to enrich their restricted environment. For these 
reasons, therefore, children under 3 years of age 
have not been included, although some were tested 
(Table 12). 


Assessing the Intelligence of the Cerebral Palsied 
Child 

Assessing the intelligence of cerebral palsied 
children is a more difficult task than testing the 
intelligence of normally equipped pupils. It 
requires more time, patience, and understanding of 
the psychological background and attitudes of this 
particular type of child. Special attention has been 
given to: (1) selection of a suitable intelligence test; 
(2) observation of the child as an individual—his 
physical disabilities, opportunities for learning, past 
experience, ability to express himself, general 
behaviour in the test situation and at home; 
(3) adherence to testing techniques as far as possible; 
(4) interpretation of test results in the light of other 
information gained; (5) original assessments of 
intellectual levels to be regarded as _ tentative 
estimates which should be revised if later experience 


TABLE 12 


DISTRIBUTION ACCORDING TO AGE AND SEX OF 354 CASES OF CEREBRAL PALSY 


























Age | | | 
(Years) | 3 | 4 #5  6| 7) 8] 9/| 00 | 41 | 12) 13) 14 15° Total 
Boys .| 19 | 13 2 | 17/1 | 8 | 2%) is | 23 | 8) 6 | 9 10 193° 
Gis .| 14/16 2 16 | 12 | 8 | 16 | 14] 1 | 0 | 0 4 5 161 
Total | 33 | 29 | 53 | 33 | 23 | 16 | 42 | 29 | 4 | 18 | 16 | 3 1S 354 
| | 
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suggests this is advisable, an important step with 
very young and/or severely handicapped children; 
(6) intelligence quotients, where given, are basal 
estimates. 

Selection of a Suitable Intelligence Test. There is 
at present no ideal test for this purpose but the one 
found most suitable was the Stanford-Binet 
Intelligence Scale. It should be noted that the 
verbal element of the test limits its usefulness with 
those children who have speech difficulties, the 
performance and written requirements restrict those 
with hand disabilities or incoordination, and the 
items to some extent dependent on scholastic 
attainment penalize those who have been denied 
educational facilities. It is not improbable, too, 
that the Scale is weighted with the kind of experience 
which the normal child absorbs by moving about 
in his environment, and which is denied to many 
handicapped children. Appreciating these limita- 
tions, experience with the Stanford-Binet test suggests 
that if it is administered with understanding and 
interpreted with caution, a reliable estimate of 
intellectual potentiality may be obtained in the 
majority of cases. This does not include the very 
young or very severely handicapped. 

In this survey it was possible to obtain estimates 
of intelligence for 340 of the 354 children between 
the ages of 3 years and 15 years. Of the 14 for 
whom it was impossible to obtain estimates, all 
except one were very severely handicapped. In no 
such case was a performance or non-verbal test 
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possible. The 354 cases did not include a single 
case where the child had severely affected speech 
combined with good hand coordination. 


Test Procedure 

All except ten were interviewed by the same 
psychologist. This interview was carefully planned 
and the same procedure was followed throughout 
the survey, every effort being made to obtain com- 
plete rapport and to dispel any anxiety or tension 
likely to be associated with the situation. Whenever 
possible the mother was asked to withdraw while the 
psychological test was in progress, but when such a 
course seemed prejudicial to the success of the test 
the mother was allowed to remain in the room. 
In the testing of cerebral palsied children an 
important feature appears to be flexibility in 
handling the human situation involved while main- 
taining a strictly scientific attitude towards the 
administration of the test. 


Results of the Psychological Interview 

In a very large proportion of the cases it was 
possible to give a fairly definite basal estimate of 
the child’s intellectual level. FFor example, it could 
be safely said that a certain child’s I.Q. was at least 
85. Sometimes the actual I.Q. would be somewhat 
higher, as in the case of a child whose test score 
was adversely affected by lack of experience at 
school or one who failed on verbal tests owing to 
difficulties of speech. In this work it was felt 


TABLE 13 


DIsTRIBUTION OF 354 EsTIMATED I.Q.s OF CEREBRAL PALSY GROUP COMPARED WITH NORMAL CHILD POPULATION 






































| 
| No. of | % of % Normal Usual Suitable 
I.Q. Level Cases Group | Population Nomenclature Provision 
130+ 2 0-6 1 
— Supernormal 
110-129 12 3-4 22 
| Ordinary 
90-109 71 20-1 52 Normal school Educable 
70-89 95 | 26-8 | 22 Dull 
| | Feebleminded | Special 
50-69 81 22:9 | or Moron school for 
l E.S.N. 
25-49 38 =| Ss «10-7 3 Imbecile Occupation 
centre 
Ineducable 
Below 25 41 11-6 Idiot Institution 
Not yet assessable | 14 3-9 
ainda | | | 
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necessary to present the picture as we saw it, and 
since there is always danger in estimating what 
improvement ‘might be made’ under certain 
circumstances we decided that our estimates of 
intelligence should be made with caution. Hence 
the estimates given herein as basal figures may be 
accepted with confidence. 

As will be seen from Table 13 and Fig. 3 in the 
cerebral palsy 
group 51% have % 


1.Q.s over 70, and YUMMY, 


23% 1.Q.s between 50-7 
50 and 69. While 
the extremely 
bright group 
(1.Q.130+) is not 
markedly smaller 
in the cerebral 
palsy sample than 
in the normal pop- 
ulation, the group 
of normal and 
supernormal _in- 
telligence as a 
whole form only 
24% of the cases 207 
as against 75% in 
the normal popu- 
lation. Con- 
versely, at the 
bottom end of the 








L 














TABLE 14 
Mean I.Q.;| S.D. N. 
Original Test | 807 12:69 20 
Re-test after 12 months 89-8 17-09 20 





used with severely handicapped children. Never- 
theless, although 
emphasis has been 
laid upon the dis- 
crepancies in the 
test-retest results, 
these are the 
exception rather 
than the rule. 

Table 14 gives 
the means and 
standard _ devia- 
tions of the results 
of the two sets of 
tests. 

Table 14 shows 
that there was 
no significant in- 
crease or decrease 
in the mean I.Q.s 
of the group 
tested, but there 
were certain cases 
where a significant 
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intelligence scale, Normal “he difference in the 
45% of the cere- y) I.Q.s on the two 
bral palsy group bot L_....... tests was noted. 
have I.Q.s under - - ees §6Three of these 
70 whilst only 3% —70 70-89 90-109 110-129 I30 + were so marked 
of the ordinary 3:9 f, |.Q. not yet assessable. as to warrant 


population are in 
this category. 
Correlation of 
Results from First and Second Testing. Twenty 
children, aged from 5 to 11 years, admitted to 
the Carlson House School for Spastics were 
given a re-test 12 months after the original 
testing. These children were selected for the school 
as being particularly in need of specialized education 
and treatment and therefore would be more likely 
to present testing problems than many of the less 
handicapped. Moreover, of the six whose two I.Q. 
findings differed by more than 7 points, five were 
severely handicapped physically as well as having 
additional severe sight and/or speech defects. It 
would seem, therefore, that while the Stanford-Binet 
test gave fairly accurate indications of the children’s 
intellectual levels with the moderately handicapped 
it could only be taken as a rough estimate when 


Fic. 3.—Distribution of 354 estimated I.Q.s of cerebral palsy group 
compared with distribution of those of normal child population. 


special mention. 


Case1. Aseverely 
handicapped athe- 
toid boy, 10} years old, when first tested was a pupil at a 
residential school for cerebral palsied children and his 
basal I.Q. was assessed at 112. He appeared to be unhappy 
living away from his parents and was admitted to Carlson 
House, which is a day school, in January, 1949. When 
retested after four months at Carlson House and 12 
months after his first test his I.Q., was recorded as 133. 
There seems little doubt that the original testing was 
adversely affected by his emotional tension at that time. 


Case 2. This was a slightly handicapped spastic girl 
of 64 years who was attending a school for the physically 
handicapped. Eight months after transfer to Carlson 
House her I.Q. had risen from 100 to 126. In this case 
it seems likely that at the school for physically handi- 
capped children she was not getting the intellectual 
stimulus she needed. 


Case 3. This was a severely handicapped athetoid 
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girl, nearly 6 years old. Her lack of speech and inability 
to use her hands rendered her original testing extremely 
difficult. Her I.Q. was estimated to be approximately 
103. Twelve months later and after three months at 
Carlson House her responses on retesting were almost 
identical with those on the original testing and her I.Q. 
was 88. A possible explanation of this result may be 
that she found it difficult suddenly to respond overtly to 
stimuli after three months of almost total physical 
inactivity which had been the treatment prescribed for her. 


Relation of Intelligence to the Various Forms of 
Cerebral Palsy 

Table 15 shows the mean estimated I.Q.s of 277 
spastics, 41 athetoids, four ataxics, and 18 cases of 
mixed type. The mean I.Q.s vary but little with the 
different types of cerebral palsy, the greatest differ- 
ence being 5-6 points between the spastics and the 
ataxics. These differences are not statistically 
significant. Hence we may assume that in the sample 


TABLE 15 


MEAN ESTIMATED I.Q. oF 340 CHILDREN GROUPED 
ACCORDING TO FORM OF CEREBRAL PALSY 
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TABLE 16 


MEAN ESTIMATED I.Q. OF 263 CHILDREN GROUPED 
ACCORDING TO CATEGORY OF SPASTIC PARALYSIS 


| | 


| | 
Para- | Quadri- Total 
plegia plegia 





| Left | Right 
Hemi- Hemi- 
| plegia | plegia 

















Mean LQ. | 77:9 | 76:8 | 74:3 | 50-2 

SD. —..| 20-1 | 26-0 | 23-6 | 27-6 

N. oe oe 85 | 80) 263 
Not yet | 
assessable 1 z z 4 | 9 
Total N.... 42 | 59 87 





84 | 272 





evidence in the whole table of a gradual decline 
from left hemiplegics to right hemiplegics, to 
paraplegics, and the group of quadriplegics is 
markedly, and significantly, lower still. 


TABLE 17 


MEAN ESTIMATED I.Q, OF 354 CEREBRAL PALSIED 
CHILDREN GROUPED ACCORDING TO DEGREE OF PHYSICAL 





























Spastic | Athetoid |Ataxic|Mixed| Total DISABILITY 
———— 1 j | 
Mean 1.Q. 67:9 | 67:6 | 62:3 | 62-4 | Moder- Very | 

——— — | Slight ate Severe Severe | Total 

S.D. ..| 27-7 25:5 | 19-3 | 21-5 | Handi- Handi- Handi- Handi- 

_ cap cap | cap cap 
N. jah eee 41 4 18 340 

— | Mean I.Q.| 81:8 | 71:7 | 55°6 | 246 | 
Not yet 

assessable 9 4 — 1 14 S.D. ..| 19°96 23-74) 25-50 16-98 
Total N. .. 286 | 45 | 4 | 19 | 354 N. ..| 87 148 | 85 20 340 
Not yet 

of cerebral palsied cases examined in this survey assessable| 2 : . . a 
there is no significant difference between the mean Total .. | 354 
I.Q.s of the groups characterized by different forms | 


of the handicap. In this connexion it is interesting 
to note that Phelps (1941b) reports a higher level of 
intelligence among athetoids than among spastics. 
Evans (1946) also found that less than 10% of the 
athetoids and over 60% of the spastics at Carshalton 
Hospital were ineducable, but from such a small 
group of only 47 cases, drawn from a wide area, 
it is, however, unsound to draw general conclusions. 

Table 16 gives a further analysis of the first column 
of Table 15. The pure spastics have been grouped 
according to the type of spastic paralysis, and this 
table shows the mean estimated I.Q.s of 41 left 
hemiplegics, 57 right hemiplegics, 85 paraplegics, 
and 80 quadriplegics. Monoplegics and triplegics 
aré omitted. While there are no statistically 
Significant differences in mean I.Q. between the two 
Kinds of hemiplegics and the paraplegics, there is 








Table 17 gives the mean estimated I.Q.s of 340 
cerebral palsied children grouped according to the 
degree of physical disability. Only one child in the 
very severely handicapped group showed signs of 
normal intelligence. He was a little boy of 5 years 
of age who had been in hospital for a long time. 
He could not use his legs, he could not speak, and 
he had practically no use of his hands, yet from his 
general reactions to stimuli and to certain selected 
intelligence test items it was concluded that he 
probably had almost average intelligence. This 
opinion was confirmed by the hospital staff. 

An examination of the figures given in Table 17 
shows that there is a significant correspondence 
between the level of intelligence and the degree of 
physical disability. All the differences between these 
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mean I.Q.s are statistically significant. This does 
not, however, imply that this is so in every individual 
case. There is a considerable overlap between the 
groups as can be seen from the wide standard 
deviations; some of our most intelligent children 
are in the groups of moderately and _ severely 
handicapped; on the other hand there are a number 
whose chief handicap is mental impairment, with 
only very slight physical disability. 


Reading Test 


Each child capable of reading was given the 
Schonell Graded Word Test (Schonell, 1945) to 
ascertain his level of reading attainment as measured 
by norms for the general school population. From 
this the reading age was obtained and the reading 
quotient computed. Our examination of the figures 
obtained for the 113 children in the reading group 
shows that 80% had reading quotients of 80 or more. 
These figures, however, obscure the fact that whereas 
some older children of mediocre intelligence and 
slight physical handicap obtain comparatively high 
reading quotients through the advantage of more 
years at school, a considerable number of the 
brighter children, who have had limited or no 
schooling on account of their physical disabilities, 
obtain low reading quotients. They have not had 
sufficient opportunity to use their intellectual powers 
to the full. Further analysis suggests that while 
under the present educational provision cerebral 
palsied children of I1.Q. 70+ can be taught to read 
fairly effectively, the normally intelligent and very 
bright cerebral palsied child tends to be given 
insufficient opportunity and stimulus to develop his 
abilities beyond mediocre levels. 


SUMMARY AND CONCLUSIONS 


A survey of cases of cerebral palsy among children 
in the Midlands is described. 

Four hundred cases were examined; the group 
appeared to be a representative sample of all types 
of cerebral palsy. 

The incidence of cerebral palsy among the 
school-age population of certain towns is probably 
about | per 1,000. 

Among 349* cases of congenital cerebral palsy 
there were 290 cases of spastic paralysis (83°), 
36 athetoids (10%), 17 mixed cases (5 °%), three cases 
of ataxia, two of flaccid paralysis, and one of 
rigidity and tremor. The relative incidence of 
spastic paralysis and athetosis is discussed, with 


* Since this paper was written, one of us (P.A.) has seen 83 more 
cases. There were 74 cases of congenital cerebral palsy of which 55 
were spastic (quadriplegia 16, paraplegia 14, and hemiplegia 25), 14 
athetoid, and five mixed. The other nine cases comprise seven cases 
of kernicterus, one of acute infantile hemiplegia, and one of acquired 
extrapyramidal rigidity (? due to toxoplasmosis). The findings in 
these cases were comparable to those of the previous 400. 
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special reference to the figures given in othr 
published series. 

The aetiology of congenital cerebral palsy is 
discussed. Evidence from this series suggests that 
athetosis is usually the result of birth injury or 
asphyxia or of neonatal jaundice, whether due to 
Rh iso-immunization or not. Birth injury probably 
causes some cases of spastic paralysis, while others 
are the result of genetic or intrauterine factors. 

We found no evidence that asymmetrical spastic 
paralysis is more likely to be due to birth injury than 
to symmetrical paralysis. 

Fifty-one cases of acquired cerebral palsy were 
examined. These comprised 19 cases of kernicterus, 
14 of acute infantile hemiplegia, 11 post-meningitic 
palsies, two other infective cases, four cases of 
progressive spastic paralysis, and one of post- 
traumatic hemiplegia. The aetiology of acute 
infantile hemiplegia is discussed; it is suggested that 
vascular accidents are the usual cause of this 
condition. 

All but two cases over the age of 3 years were 
examined by a psychologist and the intelligence was 
assessed in all but 14 cases, using the method of 
Stanford-Binet (T.M.L.). The I.Q. was 70 or over 
in 51% of cases, between 50 and 69 in 23%, and 
below 50 in 26%. 

No significant difference in the mean I.Q. of 
spastics and athetoids was found. 

The mean I.Q. of the various groups varied 
inversely with the severity of the physical handicap; 
thus the mean I.Q. of spastic quadriplegics was 
significantly lower than that of the hemiplegics or 
paraplegics. 

An examination of the attainment in reading of 
the normally intelligent and bright children reveals 
a very considerable degree of retardation. This 
suggests that, unless special educational provision 
is made, many cases will lack the stimulus necessary 
to develop their capacities beyond mediocre levels. 


Many people cooperated in this survey, without whose 
help it could not have been carried out. Professor Smellie 
has given us unfailing help and encouragement. Professor 
Schonell helped in planning the psychological part of the 
work. Dr. Baar did the Rh tests and gave much valuable 
advice. Dr. W. D. Wall and Dr. M. M. Johnstone 
checked the statistics. The medical officers of health of 
Coventry, Kidderminster, Nuneaton, Stoke-on-Trent, 
and Walsall lent us premises for our clinics and their 
staff assisted us. The medical, nursing, and teaching 
staff of hospitals, special schools and mental deficiency 
institutions allowed us to examine cases on the premises 
and gave us every assistance. Mrs. Davey undertook 
the voluminous secretarial work involved and Miss 
Woodall helped with administration. To all these, and 
to the many doctors who referred cases to us, we offer 
our warm thanks and appreciation. Part of the expenses 
of this investigation were defrayed from a grant from 
Messrs. Cow and Gate Ltd. 











estas eee 























of 
Is 


yn 
ry 


se 
lie 
or 
he 
yle 
ne 


nt, 
eir 
ng 
cy 
seS 
ok 
iss 
nd 
fer 
SES 
ym 








48S USS SSCS Sa 





abet eas wee -=* 





SURVEY OF CEREBRAL PALSY 279 


REFERENCES 


Alpers, B. J., and Marcovitz, E. (1938). Amer. J. Dis. 
Child., 55, 356. 

Baar, H. S. (1945). 
issue, p. 1. 

Barns, H. H. Fouracre, and Morgans, M. E. (1949). 
Brit. med. J., 1, 51. 

Benda, C. E. (1945). Medicine, Baltimore, 24, 71. 

Braid, F., and Meyer, R. B. (1949). Brit. med. J., 2, 11. 

Bucy, P. G. (1942). J. Neuropath. exp. Neurol., 1, 224. 

———, and Buchanan, D. N. (1932). Brain, 55, 479. 

Collier, J. (1924). Ibid., 47, 1. 

Collis, E., 1947. Lancet, 2, 239. 

Craig, W. S. (1938). Archives of Disease in Childhood, 
13, 89 


Austrian med. Bull., 1. Special 


Craig, W. S.(1950). Archives of Disease in Childhood, 25, 
325. 

Crosse, V. M. (1949). ‘ The Premature Baby,’ 2nd ed. 
London. 

Evans, E. S. (1946). Proc. R. Soc. Med., 39, 317. 

Evans, P. R. (1948). Archives of Disease in Childhood, 

, aaa 

Ford, F. R. (1926). Medicine, Baltimore, 5, 121. 

—— (1944). ‘Diseases of the Nervous System in 
Infancy, Childhood and Adolescence.’ 2nd ed. 
Springfield, Illinois. 

——., and Schaffer, A. J. (1927). Arch. Neurol. Psychiat., 
Chicago, 18, 323 

Findlay, L., Higgins, G., and Stanier, M. W. (1947). 
Archives of Disease in Childhood, 22, 65. 


Freud, S. (1897). ‘Die infantile Cerebrallahmung.’ 
In Speciellen Pathologie und Therapie, ed. 
Nothnagel, H., Vol. 9. Wien. 

Fulton, J. F. (1943). ‘Physiology of the Nervous 
System.’ 2nd.ed. New York. 

Grulee, C. G. (1936). Amer. J. Dis. Child., 52, 648. 

McCarroll, H. R. (1949). J. Amer. med. Ass., 140, 
1231. 

McGovern, J., and Yannet, H. (1947). Amer. J. Dis. 
Child., 74, 121. 

Malpas, P. (1937). J. Obstet. Gynaec. Brit. Emp., 44, 
434 


Matthews, J. D. (1949). Lancet, 2, 149. 

Norman, R. M. (1947). Journal of Neurology, Neuro- 
surgery and Psychiatry, 10, 12. 

Patten, C. A., and Matthews, R. A. (1935). Arch. 
Neurol. Psychiat., Chicago, 34, 61. 

Phelps, W. M. (1941a). N.Y. St. J. Med., 41, 1827. 

—— (194ib). Sth. med. J., Bgham., Ala., 34, 770. 

Roberts, M. H. (1939). J. Amer. med. Ass., 113, 280. 

Schonell, F. J. (1945). ‘ The Psychology and Teaching 
of Reading.’ Edinburgh. 

Schwartz, P. (1927). Ergebn. inn. Med. Kinderheilk., 
31, 165 


Sharpe, W., and Maclaire, A. S. (1924). 
Obstet., 38, 200. 

Stewart, R. M. (1942). Proc. R. Soc. Med., 36, 25. 

Vogt., C., and Vogt, O. (1920). J. Psychol. Neurol., 
Lpz., 25, 660. 

Woolf, B. (1946). Brit. med. Bull., 4, 170. 

Wyllie, W. G. (1948). Proc. R. Soc. Med., 41, 459. 

Yannet, H. (1944). J. Pediat., 24, 38. 


Surg. Gynec. 











THE RELATION OF BIRTH WEIGHT TO PHYSICAL 
GROWTH 


A STATISTICAL STUDY 


BY 
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From the University of Sheffield and the Children’s Hospital, Sheffield 


(RECEIVED FOR PUBLICATION FEBRUARY 16, 1950) 


It has been shown elsewhere (Illingworth, 1939; 
1950; Illingworth, Harvey, and Gin, 1949) that the 
weight of a child at birth bears an important 
relationship to his subsequent weight and height. 
The aim of this study is to determine whether 
children with different birth weights differ in all the 
standard body dimensions, namely weight, pelvic 
and calf girth, chest circumference, standing and 
sitting height, and if these differences are established, 
to see whether they are sufficient to account for the 
differences in weight. 


Methods 


The investigation covers all children aged 5 to 
8 years in the schools of the City of Sheffield, 
provided that (1) their birth weights could be satis- 
factorily determined, (birth weights of children born 
on district being obtained from the midwives’ 
‘antenatal charts, and of those born in hospital from 
the infant welfare charts in the form of a note 
brought by the mother from the hospital to the child 
welfare clinic); (2) their addresses could be traced; 
(3) they came up on request (outside school 
hours) to the Children’s Hospital for measurement; 
(4) they fell into one of the following three 
birth weight groups: Group A. 2,495 g. (5 lb. 8 oz.) 
or less, Group B. 3,238 g. (7 lb. 2 oz.) to 3,351 g. 
(7 lb. 6 oz.), Group C. 3,856 g. (8 1b. 8 oz.) or more. 
There was no possibility of selecting children other- 
wise, because all children who satisfied these criteria 
were utilized for the investigation. A total of 238 
children were measured: 99 in Group A, 66 in 
Group B, and 73 in Group C. 

All measurements were taken or personally 
supervised by one of us (C.C.H.). The height was 
taken with the child standing barefooted against a 
backboard, taking care to avoid postural slackness. 
The weight was taken with the child wearing pants 
only or fully stripped. The sitting height was taken 
with the child in the sitting position on a solid base 


with the sacrum against a backboard. The box was 
of such a height (11 in.) that in an average child the 
knee was flexed to a right angle when the heel was 
on the ground. Postural slackness was avoided. 
The arm of the measuring apparatus rested on the 
head. The pelvic girth was taken as the widest 
point of the bony crest and measured by obstetrical 
calipers. The chest circumference was measured at 
the level of the xiphisternum in the mid-position 
between moderate expiration and moderate inspira- 
tion, using a cloth tape measure. The calf girth 
recorded was the average of the maximum right and 
left calf girth when the child was standing at ease 
with the weight equally distributed upon both feet. 
The ages recorded are accurate to the nearest month. 
(For example, the age of a child who was stated to 
be 8 years and 20 days old was recorded as 8 years 
and one month.) 

The statistical methods used are described in the 
Appendix. 


Results 


Tables 1, 2, and 3 show the essential results. It 
should be borne in mind when referring to these 
tables that the individual figures quoted, being based 
on small samples, are subject to fairly large errors, 
due to accidents of sampling, and their main use 
was to establish statistically significant differences 
between birth weight groups. The dimensions of 
the children were corrected to a constant age (for 
males 7 years, for females 6 years 10 months) in 
Tables 1 and 2, by corrections which are given in 
Table 3, and which were obtained from the data 
themselves by methods described in the addendum. 
Differences in Table 1 which are statistically 
significant are indicated by means of an asterisk. 
In Table 4 are given the mean dimensions of the 
groups uncorrected for age, together with the mean 
age of groups and the number of children in each 
group. It will be seen that there are differences of 
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TABLE 1 
MEAN Bopy DIMENSIONS AND WEIGHT OF CHILDREN CORRECTED TO CONSTANT AGE 










































































Male Female 
| Group A Group B Group C Group A Group B Group C 
: Birth Weight Birth Weight Birth Weight | Birth Weight | Birth Weight Birth Weight 
Variable 2,495 g. 3,238 g. 3,856 g. 2,495 g. | 3,238 g. 3,856 g. 
(5 lb. 8 oz.) | (7 1b. 2 oz.) (8 lb. 8 oz.) | (5 lb. 8 oz.) | (7 1b. 2 02.) (8 lb. 8 oz.) 
or less to 3,351 g. or more or less to 3,351 g. or more 
(7 Ib. 6 02.) (7 lb. 6 oz.) 
Number 54 31 35 45 35 38 
Weight (kg.) 21-54 22-52 24-68" 20-69 21-66 22-33" 
Height (Stand.) | 
(cm.) i 116-56 117-85 121-63* 116-19 116-74 118-04 
as Height (Sit.) 
wt (cm.) 63-73 63-42 65 -54* 63-28 63-17 63-55 
4 Chest (cm.) 57-04 57-54 58-81* 54-80 55-36 56-06 
ot Pelvis (cm.) 19-38 19-69 20-56* | 19-12 19-15 19-34 
: Calf (cm.) 23-28 23-54 24-44* 23-09 23-74 24-54* 
| 
at The statistical significance refers to differences on the whole between the three appropriate means, and not specifically to any pair. 
yn 
a- TABLE 2 the order of a month in some cases, between mean 
th OBSERVED AND ESTIMATED DIFFERENCES IN MEAN ages of different groups, but that in spite of this 
id WEiGHT OF BirtH WEIGHT Groups the broad general picture presented by Tables 1 
inf A. Males and 4 are the same. 
4 a. re It will be seen that in all measurements children 
‘ G o oC 2 Ss with a low birth weight (5 lb. 8 oz. or less) were 
to roups a, ~< eo £ S so 
Compared Ss a | 3g |2@2s smaller than those of large birth weight (8 Ib. 8 oz. 
rs 3 Ss | 3 Zit 5 or more), the measurements of those of average 
rm Excess of: S ge | § 3 E|38 2 birth weight (7 Ib. 2 oz. to 7 Ib. 6 oz.) falling in all 
2 Ss | %65|)60e gee : 
8 3 | 8 $3 \ass cases (except in sitting height) between the two 
Statistical Note. The standard error ‘ observed- 
= ot & O58 7 | oe | oss estimated ’ was calculated from the pooled within- 
It C over B 2:24 1-75 | 0-49 | 0-30 group residual standard deviation from the appro- 
se | | priate weight-predicting regression formula (either 
ed C over A 3:22 2-31 | 0-9 1F | 0-27 (1) or (2)). This assumed the value 1-22 kg. for 
rs, B. Females males and 1-15 kg. for females, based on respectively 
ise 111 and 107 degrees of freedom. For example, the 
eS | | - 2 S.E. quoted for Group B and A males was given 
of Groups | Ey = by 1:22V1/54-1/31, Group A containing 54, 
or Compared - 3 |v e > e Group B, 31 boys. These standard error estimates 
In —— > 3s | Pos | ea are a little on the small side, since no account has 
in g £ gee. Og been taken of the errors in the coefficients of 
ita ro) iG Ofna | ase formulae (1) and (2). Most of the differences 
m. - : : 
quoted do not exceed twice their standard errors, 
lly - B over A 0:97 0°72 0-25 | 0-26 and are therefore not statistically significant; the 
k. C over B 0:67 1:06 |—0-39 | 0-27 third difference in Table 2 A, however, appears to 
he ~- | attain significance. 
an CoverA_..| 1:64 1:78 |—0-14 | 0-25 There was a difference of 3-14 kg. (6 Ib. 14 oz.) 
ch __ * Weights corrected to 7 years in males and to 6 years 10 months between male children who at birth weighed 
of in females. Estimated weights for males were calculated from 


equation (i) and for females from (2). ¢ of Statistical Significance 5 lb. 8 oz. or less, and those who at birth weighed 
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TABLE 3 
INCREASES IN Bopy DIMENSIONS AND WEIGHT PER MONTH 
OF AGES 
Males Females 
2f2) £52 2fe2 
< Sy, 8 HB UB 2 
All al~ briat—5 as 
Variable Groups 5‘> ha Ss eb = cs $5 nh © 
Se MN8a A= (820 A 
| OERSOERRCIOESS 
ae aap? oh pa ooo 
Weight (kg.) 0-18 0-24 0:09 0:17 
Height (Stand.) 

(cm.) ..| 0°49 0-59 0:38 0-45 
Height (Sit.)(cm.)| 0-19 0-26 0:13 0-14 
Chest (cm.) 0°16 0-19 0:10 0-13 
Pelvis (cm.) 0:06 0-07 0:03 0:02 
Calf (cm.) 0:06 0-09 0:01 0:08 





8 lb. 8 oz. or more. The difference in standing 
height was approximately 5-1 cm., in sitting height 
1-8 cm., chest circumference 1-8 cm., pelvic girth 
and calf girth 1-2 cm. 

Table 2 shows that for female children the 
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differences in dimensions are sufficient to account 
for the differences in weight, and that in males they 
account for about 70 % of those differences. 

Table 3 gives the correcting factors for age which 
were used in obtaining the figures of Table 1 from 
those of Table 4. There was no evidence of 
different changes of size with age from one male 
birth weight group to another, but there was an 
indication (see note on Table 5) that the lowest 
female birth weight group tended to increase in size 
more rapidly with age than the other; accordingly 
different correcting factors were used for the female 
groups, the same correcting factors for the male 
groups. The medical significance of this \pheno- 
menon is not clear. 


Discussion 


It is interesting to note the relationship between 
the weight at birth and all the measurements— 
weight, standing and sitting height, chest, pelvic and 
calf girth—in later childhood. 

As stated elsewhere (Illingworth ef al., 1949), 
there is very little reference in the literature to 
any such relationship. Capper (1928), however, 
examined 437 prematurely born children at various 
ages in later childhood, and compared them with 
measurements of ‘normal’ children. He found 
that the prematurely born children usually remained 
below normal in both weight and height, at least 


TABLE 4 


NumBERS, MEAN AGE, WEIGHT, AND BoDy DIMENSIONS OF CHILDREN IN DIFFERENT SEX AND BIRTH WEIGHT GROUPS 



































Male Female 
Group A Group B Group C Group A Group B Group C 
Birth Weight Birth Weight Birth Weight | Birth Weight Birth Weight Birth Weight 
Variable 2,495 g. 3,238 g. 3,856 g. 2,495 g. 3,238 g. 3,856 g. 
(5 lb. 8 oz.) (7 lb. 2 0z.) (8 Ib. 8 oz.) (S 1}. 8 oz.) | @ ib. 2 oz.) | C@ Ib. 8 oz) 
or less to 3,351 g. or more or less to 3,351 g. or more 
(7 lb. 6 oz.) (7 lb. 6 02.) 
Number 54 31 35 45 35 38 
Age (yrs.) 6-95 7°19 7-01 6-99 6-71 6-75 
Weight kg.) 21-42 22-94 24-70 21-14 21-54 22:17 
Height (Stand.) 

(cm.) a 116-25 118-98 121-69 117-30 116-21 117-61 
Height (Sit.) 

(cm.) 63:61 63-89 65°56 63-78 62-99 63-41 
Chest (cm.) 56-94 56:94 57-92 58-83 55-16 55-93 
Pelvis (cm.) 19-34 19-84 20-57 19-26 19-11 19-32 
Calf (cm.) 23-24 23-68 24-44 23-26 23-73 24-46 
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up to the fifteenth year. They were also smaller in 
skull and chest circumference. Boys tended to lag 
behind in weight more than girls, while girls tended 
to lag behind more in height than boys. He found 
that in the majority of prematurely born children the 
sitting height was greater than normal, and suggested 
that the delay in growth in the first ten years was due 
to slowness in the growth of extremities rather than 
to backwardness in the growth of the trunk. It is 
worthy of note that in our series the only mean 
measurement in the prematurely born group which 
was greater than the corresponding measurement in 
the children of average birth weight (7 lb. 2 oz. to 
7 lb. 6 oz.) was that of the sitting height. The 
difference was a very slight one, and not of statistical 
significance, but it did. occur in both male and 
female. 

Capper also noted that the prematurely born 
children who had the smallest birth weight lagged 
further behind in subsequent weight and height. 
He did not, however, note that this was merely part 
of the general relationship of birth weight to body 
build, and that the same relationship applied to 
full term babies: the larger the birth weight, the 
larger in general being the body build. 

The demonstration of the relationship of birth 
weight to body build in later childhood indicates 
the importance and possible long term effects of 
controllable factors which affect the weight at birth. 
Such factors are the induction of premature labour, 
the conservative treatment of placenta praevia, the 
prevention of prematurity by improvement of the 
nutrition and social circumstances of the mother, 
the proper treatment of the pregnant diabetic, and 
possibly the effect of stilboestrol (Smith and Smith, 


1949) in reducing the incidence of prematurity and 
increasing the size of the baby. 


Summary 


The weight, standing and sitting height, pelvic 
girth, chest and calf circumference, were measured 
in 238 children, aged 5 to 8 years, of three birth 
weight groups (5 lb. 8 oz. or less, 7 Ib. 2 oz. to 
7 lb. 6 oz., and 8 Ib. 8 oz. or more), and analysed by 
statistical methods. It was found that in all 
measurements the children of the lowest birth weight 
groups were smaller than those of the largest birth 
weight group, the measurements of the children of 
average birth weight falling in all cases (except in 
sitting height) between the two. Most of these 
differences were of statistical significance. 


Our thanks are due to Dr. A. Black, Principal Maternity 
and Child Welfare Officer for Sheffield, for her help in 
obtaining the birth weights; and to Dr. H. M. Cohen, 
School Medical Officer for Sheffield, for his help in 
tracing the school children; and to Miss W. D. Ashton, 
for her help with the statistics. 
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STATISTICAL APPENDIX 


Determination of Age Corrections 


As a preliminary step, scatter diagrams were 
drawn showing each variable plotted against age 
for each birth weight group. Some of these are 
illustrated in Figs. 1 to 6; there were 36 altogether, 
but it is not practicable to show them all. From 
Figs. 5 and 6 it can be seen that one girl in each of 
Groups B and C was exceptional, and after pursuing 
the analysis for some way both with and without 
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these girls it was ultimately thought desirable to 
exclude them from analysis. This action was 
conservative in its effect: the differences between 
groups in mean dimension were on the whole more 
marked with than without them, though their 
statistical significance might perhaps be reduced. 
The main reason for their exclusion was that it was 
felt that they were vitiating the age corrections. 

It was verified from the tables of Vickers and 
Stuart (1943) that weight and 
the other dimensions— in- 
creased in roughly a straight 
line with age in normal 
children and over the range of 
ages (54 years to 9 years) 
covered by the data. It was 
therefore inferred that since 
the scatter diagrams gave no 

. marked evidence to the con- 
trary, a straight line relation- 
ship could be assumed for 
each group and each dimen- 
sion. Regression lines were 
then fitted for each group, 
some of these being illustrated 
in Figs. 1-6. The excluded 
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Relation between age and height (sitting) in male children with 
birth weights not greater than Sb. 80z. 





girls were not used in calcu- 
lating the lines shown in Figs. 
5 and 6. 

To ascertain if, in making 
correction to constant age, 
the same correction could be 
used for all three birth weight 
. groups, a common _ slope 
analysis, as described by 
Tippett (1931) was carried 
out for each sex. The results 
of this analysis are set out in 
Table 5, together with a foot- 
note in which their statistical 
significance is discussed. 
From these analyses it was 
concluded that the same age 
correction could be. used for 
all three male groups, vari- 
ations in the slopes of the 
regression lines from group to 
group being attributable to 
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AGE (YEARS AND MONTHS) 


Fic. 2. Relation between age and pelvis in male children with birth 
weights between 7lb. 20z. and 7lb. 60z. 


chance, but that it would be 
safer to use separate group 
corrections for females in 
view of the marked tendency 
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of the regression slopes to differ. This difference 
manifested itself mainly in a tendency for the 
dimensions of the premature Group A (birth weight 
5 lb. 8 oz. or less) to increase more rapidly than the 
other two groups. The age corrections used are 
given in Table 3; those for males are slopes of 
parallel regression lines fitted to all three groups. 


Differences of Mean Measurements between Groups 


The application of these age corrections to the 
group means produced the results quoted in Table 1. 
For males, the ages were 
corrected to 7 years, for Mor 
females to the mean age, 6 
years 10 months. For testing 
the significance of the aa 
differences between male 
groups, a  common-line 
analysis (Joc. cit.) was carried 
out; for all dimensions the 
results of this, which are 
given in Table 6, established 
significant differences in 
level; that is to say, the 
differences between mean 
male measurements of groups 
from one group to another 
were too great to be ascrib- 
able to chance. For testing io 
the significance between 
female groups a_ slightly . 
different test was necessary 10s n 
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from group to group, others are likely to do 
so. Further, if differences are established for 
some variables, it is likely that they exist for 
related variables, although individual com- 
parisons involving a related variable may fall short 
of establishing statistical significance. Similar 
remarks apply to the changes of the variables with 
age; if these differ from group to group for females, 
it seems likely a priori that they would do so for 
males too, yet their variation may be so much less 
marked from one male birth weight group to 
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because of the different age : wae 
corrections; the differences 
between groups could be 
expected to vary according 
to the age to which correction 10° 
was made. The estimated 
mean dimensions at 6 years 
10 months were therefore sei § 
compared by an analysis of 
variance test, given in Table 7. 
The differences were not so 
marked, but established 
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the various body measure- 5 _— 
ments are related, and if one Fic 
shows a marked difference 
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. 4. Relation between age and chest in female children with birth 


weights not greater than 5Ib. 80z. 
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another that a common correction will suffice. 
This seems to be the case here. Henceforward all 
work was carried out on variables corrected to a 
constant age (for males, 7 years, though it is 
immaterial, for females 6 years 10 months), and 
such correction will be implicitly assumed in what 
follows. 

By carrying out the multiple regression (within 
groups) of weight on the five measurements a formula 
was obtained for each sex by which average weight 
could be estimated, given the five measurements. 
The formulae are given in equations (1) and (2): 


EXCEPTIONAL POINT 
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° 
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WEIGHT (KG) 
Qn» 
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w 
nN 
' 
ee 
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Males: Mean weight=constant+0-18 x standing 
height + 0-03 x sitting height + 0-27 + chest 
+ 0-29 x pelvis + 0°49 x calf. (1) 


Females: Mean weight=constant + 0-19 x stand- 
ing height + 0-04 x sitting height + 0-31 + 
chest + 0-19 x pelvis + 0-68 x calf. (2) 


It is possible to obtain a formula of this kind for 
each group; in such a case it is based entirely on 
comparisons between children in the same group, 
and apart from the constant is uninfluenced by the 
mean weight or dimensions of the group. By 

pooling these within- 
group comparisons, a\single 
formula may be obtained for 
the whole sex, amounting 
to a kind of average of 
the three separate formulae, 
which is not influenced by 
variations in mean measure- 
ments from group to group; 
this is how equations (1) 
and (2) were obtained. 
These formulae were used 
to estimate the differences 
in mean weight of groups 
which would be _ expected 
+ from the differences in 
mean dimensions of the 
groups; the mean dimen- 


! = sions of each group are 
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Relation between age and weight in female children with birth 
weights between 7lb. 20z. and 7lb. 60z. 





= ** substituted giving three 


expected mean weights; these 
we subtracted in pairs, 
incidentally eliminating the 
constant term, and compared 
with the observed differences 
in mean weight. This was 
done in Table 2. For 
males (Table 2 A), some of 
the difference in weight be- 
tween groups remains to be 
accounted for, though the 
° proportion is only of the 
order of one-third. For 
females (Table 2 B), there is 
no evidence of a non-zero 
residue, and it must therefore 
be concluded that _ the 
difference in weight be- 
tween groups is explained. 
One may _ surmise _ that 
a few extra measurements 


i J 
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Fic. 6. Relation between age and weight in female children with birth 


weights not less than 8lb. 80z. 


sia ** in the males might have 
removed the unexplained 
residue. 
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i. TABLE 5 

ANALYSIS OF VARIANCE: COMPARISON OF SLOPES OF REGRESSION LINES ON AGE BETWEEN BIRTH WEIGHT GROUPS 

ir 

" A. Males 

), 

e Variations in Slope between 

y Due to Common Slope Groups Residual Variation 

= Variable Mean Degrees of Mean Degrees of Mean Degrees of 

le Square Freedom Square Freedom Square Freedom 

or — 

g Weight (kg.) ..  445-84* 1 3-91 2 630 | 114 
of Height (Stand.) 

e, (cm.) .. 3,169-00* | 19-51 2 24-89 114 
vy — — 
e- Height (Sit.) 
>: (cm.) Bd 490 - 93* 1 1-20 2 6°72 114 

1) Chest (cm.) ..  357-60* 1 8-68 2 7-84 =| 114 
- Pelvis (cm.) .. 51-19% 1 0-24 2 it | 114 
* Calf(cm.) .. 45-79% 1 2-38 2 1-95 | 114 

S 

in 
he 
n- 
re B. Females 
ee 
se ae , 
rs Variations in Slope between — 
“ Due to Common Slope Groups Residual Variation 
‘ed Variable Mean Degrees of Mean Degrees of Mean Degrees of 
Ces Square Freedom Square Freedom Square Freedom 
ies Weight (kg.) ..  253-66* 1 18-05 2 7-01 112 

of Height (Stand.) 
be- (cm.) ... 2,414-30* | 38-08 2 22-10 112 

be Height (Sit.) 
_ (cm.) .. 363-78* 1 18-66 2 6-56 112 
the — 
Jor Chest (cm.) .. 181-49* 1 7-18 2 5-77 112 
Sen Pelvis (cm.) .. 16-25* 1 2-61 2 1-24 112 
ero ine 
ore Calf (cm.) 7" 34-48* | 5-37 2 2:01 112 
the 
be- Statistical Footnote: to determine the statistical significance of the mean square ‘ Variations in Slope between 
ed. Groups ’ in Table 5, its ratio to the mean square ‘ Residual Variation ’ was compared with the 5% value of the 
hat variance ratio for the appropriate combination of degrees of freedom, and was adjudged significant if it exceeded it. 
nts The mean square ‘ Due to Common Slope’ was tested in a similar manner. None of the ‘ Variations in Slope ’ 
one mean square attain significance, but those for female weight, sitting height, and calf do not fall far short of it, which 
“ae makes it desirable to use different age corrections for females. The inclusion of the two exceptional females has the 


effect of increasing the statistical significance of these differences, and with them several of the ‘ Variations in Slope ’ 
mean square attain the 5% level of significance. 
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ANALYSIS OF VARIANCE: 
PARALLEL REGRESSION LINES ON AGE BETWEEN MALE 
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TABLE 6 


COMPARISON 


BIRTH WEIGHT GROUPS 


OF LEVELS OF 














ANALYSIS OF VARIANCE: 


TABLE 7 


COMPARISON OF MEAN 
MEASUREMENTS OF FEMALE BIRTH WEIGHT GROUPS 






































Variations in Residual 
| Mean Variation 
Variations in | Residual 
Level | Variation 
‘ | 2 2 2 
; a S S Variable = ro) 3. S 
Variable 3 n & aA » & “4 n & a n & 
ec 3 % © 2 O = ® © 2 O 
s” | 8318 | BS 5 | BS §€ | 8 
} oO vo oO oO 5) e 
2 Ac | = | ae = Ax = | Ae 
Weight (kg.) 105-32 2 | 6:37 114 Weight (kg.) ..| 28-197 2 7-01 112 
Height (cm.) Height (cm.) 

(Stand.) 278-25 2 | 25:23 114 (Stand.) 36:13 Z 22-10 112 
Height (cm.) Height (cm.) 

(Sit.) 46-09 2 6°74 114 (Sit.) 1-38 2 6:56 112 
Chest (cm.) a 33-80 2 7-99 114 Chest (cm.) 16-46 2 5-77 112 
Pelvis (cm.) a 15-11 2 1-12 114 Pelvis (cm.) 0-53 2 1:24 112 
Calf. (cm.) “J 14-67 2 1-99 114 Calf (cm.) 21-68 2 2-01 112 





* The significance of the variations in level mean square was 
determined by calculating its ratio to the residual mean square and 


comparing it with the appropriate 5° value of the variance ratio. 


* The significance of the variations in mean mean square was 
obtained by comparing it with the residual mean square as in 


Table 6. 


+ Measurements corrected to 6 years 10 months. 


NOTES ON CEREBELLAR ATAXIA IN CHILDHOOD 


BY 


ROBERT A. SHANKS 


From the Department of Child Health, University of Glasgow, and the Royal Hospital for Sick 
Children, Glasgow 


(RECEIVED FOR PUBLICATION MARCH 13, 1950) 


vas 
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The syndrome of cerebellar ataxia is one with 
which paediatricians are familiar not only because 
it is the usual presenting feature of the subtentorial 
tumours of childhood, but also because there is a 
small but well-recognized group of cases in which 
cerebellar ataxia is the only ultimate diagnosis. It 
is not proposed to catalogue all the causes of 
cerebellar ataxia in childhood but rather to discuss 
the diagnosis and prognosis of this latter group, 
most of which run a limited and benign course and 
in which so far, only an empirical diagnosis has been 
possible. 

For this purpose it seemed worth while to analyse 
the case-sheets of such cases admitted to one medical 
unit at the Royal Hospital for Sick Children, 
Glasgow, during the past 20 years. The period 
chosen was from 1929 to 1949 inclusive, and during 
this time there were in all 39 cases of which it was 
possible to trace 30. This paper is based upon an 
analysis of these cases. 

It will be helpful first to define more precisely the 
conception of cerebellar ataxia. Lesions of the 
cerebellum and its pathways all produce a funda- 
mentally similar picture, and although acute lesions 
result in a more pronounced hypotonia than slowly 
progressive or long-standing ones, the complex 
function of adapting to changing posture during 
voluntary movement is defective in all. It is this 
failure of adaption that constitutes cerebellar ataxia, 
a condition quite distinct from the incoordination 
resulting from purely sensory or motor disturbances. 

The source of information in all cases investigated 
has been the case-record, but in those seen personally 
the details were verified by questioning the parents 
and patients concerned. A complete physical 
examination was carried out on each patient seen. 

In analysing this material it was thought justifiable 
to use the total number of cases in assessing factors 
which were independent of the later progress of the 
condition. Prognostic factors on the other hand, 
concern only those patients who were traced. 

The cases fell naturally into two groups, those 
with a sudden onset and those with an insidious 


onset, and the type of onset therefore has been used 
in classification. For convenience, those cases with 
a sudden onset will be termed Group I, and those 
with an insidious onset, Group II. Table 1 shows 
the main features of each. The two groups are 
fairly equally divided, and although there were more 
males than females in Group I, the small number of 
cases precludes any definite conclusion. Table 2 
shows the seasonal incidence of the two groups. 
Group I cases appear to show a defined seasonal 
incidence in the late summer and winter which is 
not shown in Group II. How far one may be 
justified in adding this to the evidence in favour of a 
virus aetiology (especially that of anterior polio- 
myelitis), is perhaps arguable. Patients in whom 


TABLE 1 


TABLE OF CASES CLASSIFIED ACCORDING TO THE TYPE 
OF ONSET OF ATAXIA 























| Group I: | Group II: 
Sudden |_ Insidious 
Onset | Onset 
Total cases _ “A 22 17 
males .. = 13 8 
females . . i 9 9 
Antecedent illness .. oa 6 1 
Fever ti ied 5% 3 3 
C.S.F. abnormal 4 1 
normal : 14 13 
uninvestigated 4 | 3 
TABLE 2 
TABLE OF SEASONAL INCIDENCE 
Lalo lel el elals dleleig 
| a, “= | = | °o (3) 
Month | 6/2|s|<¢)\5|2 B)<)a/6 Z.\Q 
GroupI 2 2/0/0/2/1/0/2|3/ 4/4 2 
Group 2/3) 4[1/ 1/0/14) 1/1 3/0 
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the ataxia had a sudden onset were on the whole 
confined to a younger age-group than those with an 
insidious onset (Table 3). Out of the 22 cases in 
Group I, in 18 the onset was between the ages of 3 
and 7 years, while only seven out of 17 in Group II 
began in this period. 


TABLE 3 
TABLE OF AGE INCIDENCE 





Year ofage |1 2 3/4/5/6/7/8{|9 10 11 12/13 14 


Group I ..| 0 0 


Group IT ..,0)/0/0/3/3/1,;0);2;3,/0/0/)3)1)1 





Ataxia with a Sudden Onset (Group I) 


The relation between the onset of acute cerebellar 
ataxia and an antecedent infection has frequently 
been commented upon. As early as 1872 Schepers 
reported a case following measles, and Caccia in 
1904 reported its occurrence after varicella. Since 
then cases have been recorded after measles, rubella, 
variola, varicella, vaccinia, and also bacterial diseases 
such as typhoid, scarlet fever, whooping cough, and 
diphtheria. The position was reviewed by Dagnelie 
(1931). In general it seems that when this com- 
plication occurs it is always during or immediately 
following the antecedent illness and that the ultimate 
prognosis is good. Post-vaccinial encephalitis, 
however, is an exception in having a high mortality 
(Wilson and Ford, 1927). Acute cerebellar ataxia 
must therefore be accepted as one of the manifesta- 
tions of post-infective encephalitis or encephalo- 
myelitis. It is nevertheless not a frequent one and 
Sawchuk, LaBocetta, Tornay, Silverstein, and Peale 
(1949) when reviewing 50 cases of encephalomyelitis 
following measles recorded only one of acute ataxia. 

In investigating the question of antecedent illness 
in the present series there appeared ample justifica- 
tion for restricting the term to illness occurring 
within three weeks of the onset of the ataxia. 
Using this criterion there were six cases in Group I 
in which there were possibly significant antecedent 
illnesses. These comprised one case of mumps, one 
of whooping cough, one of pneumonia, one of 
tonsillitis, one with an unspecified febrile illness, 
while the last had a febrile reaction to three doses of 
‘cold ’ vaccine in the preceding three weeks. It is 
evident that in this series at least, antecedent 
illnesses, and particularly virus infections, are 
numerically unimportant. 

The most striking fact emerging out of the analysis 
of these cases is the association of the type of onset 
with the later progress of the condition (Table 4). 
The prognosis of cases in Group I was excellent 
with 13 complete recoveries out of 17 and one other 


TABLE 4 
TABLE OF THE COURSE OF 30 TRACED CASES 











Result Group I Group II 
Well... - aa 13 1 
Improved ' 1 1 
Deteriorating .. 2 10 
Died ] ] 

Total .. ae 17 13 





greatly improved. Although nine of these recovered 
within three months of the onset of the ataxia, in 
some cases recovery was delayed even up to three 
years. In one patient, now 19 years of age, who 
made a rapid recovery, was later dux of his school 
and is now doing well at a university, there was a 
marked residual nystagmus. This was the only 
sequela seen in this group. 


Ataxia with an Insidious Onset (Group II) 

Because of the slow onset, a time relation between 
the ataxia and the antecedent illness is difficult to 
define. Using the criterion employed in Group I 
there was only one case in which an indefinite febrile 
illness preceded the onset of the ataxia. 

The progress of the illness in this group presents 
a remarkable difference from that in Group I. In 
only two out of 13 cases was the outlook at all 
favourable; moreover in both of these there is some 
doubt whether they should not have been included 
in the other group. The first of these was a boy 
who gave a history of having had a febrile illness at 
the age of 10 months which was followed by a 
transient strabismus. Some months later when he 
began to walk he was noticed to be ataxic. This 
ataxia lasted some two to three years and when he 
was seen at the age of 12 years he appeared to have 
made a complete recovery. The second is also in 
many ways a mystery. A girl aged 13 years was 
seen on account of a gradually increasing ataxia. 
In addition to signs of cerebellar ataxia she had 
marked pyramidal tract involvement, some slight 
papilloedema, and a moderate lymphocytic exudate 
in her cerebrospinal fluid. The investigations of the 
neurosurgeon were inconclusive and no _ special 
treatment was undertaken. When seen last year 
at the age of 26 she had obviously improved to some 
extent and was able to walk unaided and to do light 
work. She still had some spasticity and extensor 
plantar responses but no ataxia and no papilloedema. 
It is tempting to suppose that this was a case of 
chronic arachnoiditis (Horrax, 1924) and would then 
more properly be classed with intracranial neoplasms. 
All the others have shown an inexorable progression 
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of the disease and many cases, seen up to 20 years 
later, were classical examples of degenerative 
cerebello-spinal ataxia. 


Discussion 


It seems evident that the two groups of cases 
described in this series are not separated arbitrarily 
but represent two distinct syndromes. Of the second 
group there seems little doubt that most if not all 
belong to the degenerative ataxias of presumably 
genetic origin. It is interesting that in the early 
stages the clinical picture of the progressive cases 
differed in no way from that of the benign case 
except in the mode of onset. Neither the presence 
or absence of fever nor changes in the cerebrospinal 
fluid were helpful in diagnosis. 

Of the nature of what we may term acute cerebellar 
ataxia (Group I) one can only guess. Even where 
an antecedent virus infection is incriminated the 
pathology is uncertain. There are three main views 
of their nature: that they constitute a straightfor- 
ward inflammation of the brain by the virus 
concerned, or that they constitute an allergic 
reaction to the infection, or that they are the result 
of another virus infection wakened into activity by 
the preceding infection (Reisman and Rosen, 1943). 
Whatever the cause of these ‘ secondary ’ cases, the 
fact that acute cerebellar ataxia may occur de novo 
has also long been recognized (Batten, 1905 ; 
Griffith, 1916). It has been assumed that these 
also were related to a neurotropic virus, though their 
benign prognosis precluded even the indefinite 
support of histology. In spite of a tendency in the 
past to attribute to the virus of encephalitis 
lethargica all obscure encephalitis manifestations, 
there has been little to suggest that this is the virus 
of acute cerebellar ataxia, but Jenkins (1929) found 
five such cases in the literature which he reported 
with two of his own. One has also to consider the 
virus or viruses of anterior poliomyelitis of which 
the cerebellar form has often been described 
(Griffith, 1916; Grinker and Bucy, 1949). On the 
other hand it has been pointed out that the incidence 
of cerebellar ataxia is not increased during polio- 
myelitis epidemics, and moreover Klingman and 
Hodges (1944) have evidence that their cases were 
attributable neither to the virus of poliomyelitis 
nor to any other neurotropic virus investigated. 
Johnston and Goodpasture (1936) report a fatal case 
of cerebellar encephalitis resembling that of louping- 
ill; however, evidence is lacking that the virus 
diseases of the central nervous system are often 
associated with acute cerebellar ataxia. 

Dagnelie (1931) in his review found nothing to 
indicate the pathological basis of cerebellar ataxia 
beyond the assumption, either tacit or explicit, that 


it is always due to an encephalitis. In Klingman 
and Hodges’ critical study (1944) the evidence is 
mainly negative. As well as failing to identify a 
specific virus they found signs of meningeal irritation 
(increased protein and cells in the cerebrospinal 
fluid) in only two out of seven cases, corresponding 
with the four out of 18 cases investigated in this 
series. It seems likely that encephalitis would show 
an abnormal cerebrospinal fluid more often. 
Cerebellar ataxia in childhood evidently presents 
a number of problems that await solution, but 
nevertheless sufficient guidance can be obtained from 
the clinical pattern of these cases to establish criteria 
of prognosis. On the one hand, there is the case 
with the acute onset occurring most frequently in 
early childhood in which the ataxia is maximal at 
onset with a steady improvement leading to complete 
cure within a few months. On the other hand there 
is the case in which the ataxia begins gradually and 
increases slowly leading to complete invalidism. 


Summary 


Thirty-nine cases presenting with cerebellar ataxia 
over a period of 20 years are analysed. Thirty of 
these were traced and the outcome described. 

The mode of onset of the ataxia was a most 
valuable prognostic indication. Those with a 
sudden onset had an almost uniformly benign course, 
while those in whom the ataxia began insidiously 
were mainly of the progressive type; there is little 
to distinguish the acute, benign case from the 
hopelessly progressive one except the onset. 


I am grateful to Professor Stanley Graham for permis- 
sion to report the cases under his care and for advice in 
the preparation of this paper. 
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CHILD MORBIDITY DEMONSTRATED IN A GENERAL 
HOSPITAL 


BY 


E. M. POULTON 
From Hackney Hospital, London 


(RECEIVED FOR PUBLICATION JANUARY 30, 1950) 


A fair picture of adult morbidity can be obtained 
from sickness-absenteeism rates in various industries, 
but no such information is available for children. 

Several analyses have been made of the admissions 
to children’s hospitals (Baber, 1939; Smellie, 1949), 
and Tisdall, Brown, and Kelly (1930) studied the 
age of onset, sex distribution, and seasonal incidence 
of 25 diseases from admissions to the Hospital for 
Sick Children, Toronto, and from the records of 
the Toronto Department of Public Health. In 
America, Collins (1948) studied the extent of illness 
in the first year of life by canvassing. 

Children admitted to a general hospital form a 
better sample of sick children in the general popula- 
tion than those admitted to children’s hospitals. 
Hackney Hospital is a general hospital of 700 beds, 


containing acute medical, surgical, obstetric, 
gynaecological, and chronic wards. There is in 
addition an infants’ ward of 30 cots. During the 


period under review, August 1, 1947, to July 31, 
1949, there were 3,159 admissions of children of 
15 years and under, amounting to one-sixth of the 
total admissions. Infants born in the hospital are 
not included in this series unless they were subse- 
quently readmitted. 


Age and Sex Distribution 


The 3,159 admissions were classified into four 
age groups, and each group divided by sex (Table 1). 
It can be seen that child morbidity is greatest in the 
first year of life and steadily decreases. At all ages 


TABLE 1 
AGE AND SEX DISTRIBUTION OF 3,159 ADMISSIONS 








Age Group (Years) Male Female Total 
First year of life .. 239 132 371 
ho .. _ a 740 463 1,203 
6-10 S 559 433 992 
11-15 352 241 593 


there is a general predominance of males -over 
females. 


Chief Causes of Admission 


The causes of admission are classified as 
‘inflammatory ’ and ‘ non-inflammatory.’ This is 
similar to Smellie’s classification of ‘ infectious ’ 
and ‘ non-infectious.’ 

Inflammatory Group (1,436 Cases). The 11 
commonest diseases in this group in order of 
frequency are: otitis media and mastoiditis, 
pneumonia, acute appendicitis, upper respiratory 
infections, asthma and bronchitis, suppurative 
tonsillitis, abscesses, rheumatism (all forms), 
lymphadenitis (all forms), acute laryngo-tracheitis 
and urinary infections. The frequency of these 
diseases classified by age groups is given in Table 2. 





TABLE 2 
INCIDENCE BY AGE OF COMMONEST INFLAMMATORY 
DISEASES 
Under 1-5 6-10 | 11-15 


Disease 1 year | (years) | (years) | (years) | Total 





Otitis media and 





mastoiditis ... 16 117 65 31 229 
Pneumonia ..| 73 97 25 11 206 
Acute appen- 

dicitis ‘a 0 23 52 79 154 
Disease of upper 

respiratory 

tract ye 94 24 10 152 
Asthma and 

bronchitis .. 31 76 13 7 127 
Suppurative 

tonsillitis 3 54 28 13 98 
Abscesses 4 29 17 21 71 
Rheumatism .. 0 9 17 29 he 
Lymphadenitis 3 30 11 6 50 
Acute laryngo- 

tracheitis ..| 10 13 3 0 26 
Urinary infec- 

tions ae 4 4 is.) 6 25 
Other diseases | 36 | 111 | 59 | 317 523 
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Non-inflammatory Group (1,678 Cases). This 
group consists largely of cases admitted for the 
removal of tonsils or adenoids and for injuries. It 
also includes healthy children, mostly babies, 
admitted for the continuance of breast feeding. 


TABLE 3 
COMMONEST NON-INFLAMMATORY CAUSES, OF ADMISSION 
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The eight most common causes of admission are 
given in Table 3. 


Age Incidence of Causes of Admission 
The inflammatory diseases clearly fall into three 
groups with different age distributions. First there 
is a group, most frequent in the first year of life and 
diminishing in frequency as age advances, which 


BH @\oP | ray | oe consists of the respiratory infections (pneumonia, 
Disease e2i%s - gs § 2 bronchitis, laryngo-tracheitis), and to a less marked 
ome 2 S)}"5 | extent the upper respiratory infections. 
" gee paneer Secondly there is a group, uncommon in the first 
emovali OF tonsils . . . 4 
ot attemnide 1 | 218 | 398 125 | 742 year of life, which is commonest in the age group 
Injuries. “| § | 157 | 134 | 85 | 381 1-5 years, with the frequency falling in the higher 
Abdominal pain (fo age groups. This group consists of the pyogenic 
— 2s P| ° - | .- | 7 diseases: otitis media, suppurative tonsillitis, 
ealthy sa bd ve 
Circumcisions .. 42 11 2 5 60 abscesses, and lymphadeniti » , 
Removal of normal The third group, in which the frequency rises 
appendix a” 4 13 14 31 throughout childhood, consists, most commonly, of 
Dyspepsia and acut acute appendicitis and rheumatism. Urinary 
gastritis .. -- 2 15 6 6 29 infections, from the few cases present in the series, 
Hernias and hydro- : 
ais .. ra sal 19 2 3 | 28 do not appear to follow either of these patterns. 
Other diseases ..| 52 91 60 57 | 260 The variation of frequency with age is shown for 
these three groups of diseases in Fig. 1. It will be 
Ommmmmmm §=Four chief respiratory infections 
600- Xess Four chief pyogenic diseases 
Omi Acute appendicitis 


400 + 


INUMBER OF CASES PER YEAR OF AGE 








ae 


All 


forms of rheumatism 





AGE 





IN YEARS 


Fic. 1. 


28 
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seen that acute appendicitis and the rheumatic 
diseases increase in frequency in proportion to age, 
in direct contrast to the other two groups. 

The non-inflammatory diseases are rare in the 
first year of life. Apart from the admissions of 
healthy babies and for circumcision, the commonest 
causes of admission in this group were feeding 
difficulties (17 cases), skin conditions (seven cases), 
and intussusception (five cases). This is in striking 
contrast to the findings of Smellie (1949) who gives 
pyloric stenosis, miscellaneous congenital abnor- 
malities, feeding problems, harelip and cleft palate, 
erythroblastosis, and prematurity as the chief causes 
of admission in his ‘ non-infectious ’ group. Baber 
(1939) gives surgical conditions, congenital abnor- 
malities, prematurity, and pyloric stenosis in that 
order. 

Cases admitted with injuries can be classified into 
fractures and dislocations, concussion, lacerations, 
burns and scalds, and minor injuries. The age 
distribution of these various types of injury is given 
in Table 4. 

TABLE 4 


Cases ADMITTED OWING TO INJURY 








- an CS 7 2 ise} pe) 

Type of Injury = 3 os g 4 8 =e 2 
Fractures and dis- 

locations l 27 60 30 118 
Concussion and 

fractured skull .. 0 33 37 14 84 
Lacerations * 0 18 16 19 53 
Burns and scalds . Pe 45 2 0 49 
Other minor injuries 2 34 20 21 77 





Injuries, like other non-inflammatory conditions, 
are rare in the first year of life. _Burns and scalds 
occur almost entirely (90°) in the age group 1-5, 
while fractures occur chiefly (76-:3°%) in the age 
groups 6-15. This is an expression of the different 
risks to which the school child and the pre-school 
child are exposed. 


Sex Incidence of Causes of Admission 


Tisdall et a/. (1930) noted a general preponderance 
of males over females (60° males) in most of the 
diseases they considered. In pyloric stenosis and 
tetany they found males in a much greater excess 
than this, and females exceeded males in pyelitis, 
primary peritonitis, endocarditis, chorea, typhoid, 
and pertussis. In considering the sex incidence of 
individual diseases, however, one must take account 
of the total preponderance of males over females 
at the ages concerned. The Registrar General’s 
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Statistical Review for 1947 gives the sex ratio of 
males to females for children in England and Wales 
as follows: first year of life, 1-12; age group 
1-5 years, 1:05; age group 6-10 years, 1-04; 
age group 11-15 years, 1:03. By applying these sex 
ratios to the age distribution of each disease an 
expected sex ratio for the disease can be obtained. 
This expected ratio is given in brackets for each 
disease represented by more than a hundred cases. 
The sex incidence of the chief diseases represented 
in this series is givenin Table 5. This table confirms 


TABLE 5 
SEX INCIDENCE OF DISEASES 











Disease Males Females Sex Ratio 
Pneumonia . oc aoe 76 1-71 (1-7) 
Asthma and bronchitis 71 56 1-26 (1:7) 
Upper respiratory in- 

fections - - 84 68 1-23 (1-06) 
Laryngo-tracheitis .. 19 7 2°71 
Suppurative tonsillitis 53 45 1-18 (1-05) 
All otitis media ~«| Eze 104 1-20 (1:05) 
Tonsillectomy or 

adenoid curettage .. 401 341 1-18 (1-04) 
Acute appendicitis .. 94 60 1-57 (1:04) 
Abdominal pain 

(admitted for 

observation) ea 49 37 i- 32 
Injuries (alltypes) .. 281 100 2:81 
Lymphadenitis big 34 16 2° 8Z5 
Rheumatism (all 

forms) ie he 34 21 1-62 
Hernias and hydro- 

celes ie oe 24 4 6:00 
All skin diseases... 43 22 1-95 
Abscesses ine Si 43 28 1-54 
Osteomyelitis by 13 8 1-62 
Congenital heart 

disease m es 8 3 2°67 
Feeding difficulties .. 10 7 1-43 
Renal diseases 

(non-infective) 10 2 5 
Stomatitis o sh 5 15 0-33 
Urinary infections 5 20 0:25 


Interval appendic- 
ectomy si mn 0 9 





the general preponderance of males over females in 
most diseases as noted by Tisdall et a/. (1930); the 
usual sex ratio appears to be about 1-2, not 1:5, 
as they found. 

The diseases in which males are notably more 
preponderant are pneumonia, laryngo-tracheitis, 
acute appendicitis, lymphadenitis, rheumatism (all 
forms), hernias and hydroceles, skin diseases, 
abscesses, injuries, and some less common diseases. 
Females preponderated only in stomatitis and 
urinary infections. All the nine cases of interval 
appendicectomy were in females. 
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Consideration of Some Less Common Diseases 

Meningitis. There were 15 cases of meningitis in 
this series, of which two were tuberculous and five 
meningococcal. There were two pneumococcal 
cases, one being secondary to suppurative otitis 
media, and one secondary to a fractured base of the 
skull. There were two other suppurative cases from 
which no organisms were recovered, secondary to 
otitis media and pan-sinusitis respectively. From 
the remaining four cases Haemophilus influenzae 
(Pitman type B) was recovered; three of these 
occurred in the same month, and were apparently 
primary infections; the fourth a year later was 
secondary to acute mastoiditis. Three recovered; 
the fourth was moribund on admission. 

Stomatitis. There were 20 cases of stomatitis, of 
which 14 were in the age group 1-5. In eight cases 
Vincent’s organisms were found, in two cases 
staphylococci, in one case a streptococcus, and in 
one case a monilia. 

Rheumatism (All Forms). Fifty-five cases under 
this heading were made up of 29 cases of acute and 
three of subacute rheumatism; ten acute cases with 
evidence of carditis, and five cases of chronic 
rheumatic endocarditis. There were eight admis- 
sions for chorea, in one of which there was a 
coincident rheumatic carditis. 

Congenital Heart Disease. There were 11 cases 
under this heading, six cyanotic, three acyanotic, 
and two cases in which the cyanosis was doubtful. 

Congenital Pyloric Stenosis. There were two 
cases of this condition, both females; the babies 
recovered after Ramstedt’s operation. 

Intussusception. There were seven cases of 
intussusception, five in the first year and two in the 
second year of life. All recovered after operation. 

Volvulus. There was one case of this condition, 
in a boy of 14; the volvulus was secondary to 
tuberculous mesenteric adenitis. 

Empyema. There were two cases of empyema, 
in a girl of 11 months and in a boy of 14 years. 

Congenital Syphilis. There were two cases of 
this condition, born in different hospitals. In one 
case the mother had a negative Wassermann 
reaction before labour, but had failed to reveal that 
she was undergoing active anti-syphilitic therapy at 
the time. 

Leukaemia. Only one case of this condition, 
lymphatic in type, was admitted during the period 
under review. 

Tuberculosis. The 25 cases in which this con- 
dition was diagnosed consisted of five cases of 
primary, pulmonary tuberculosis, two cases of 
tuberculous meningitis, and one of miliary tuber- 
Culosis; four cases of cervical adenitis were regarded 
as tuberculous; two cases of tuberculosis of bone 


and one tuberculous ulcer of the arm. Three cases 
of tuberculous mesenteric adenitis were seen at 
operation. There were seven cases of lymphocytic 
pleural effusion. 

Skin Diseases. There were 65 children with skin 
diseases. Nineteen of these had cellulitis, ten 
urticaria, seven infantile eczema, six impetigo, five 
erythema nodosum, four allergic purpura, and three 
erythema multiforme. There were two cases each 
of pustular rashes, scabies, angio-neurotic oedema 
and psoriasis, and one case each of seborrhoeic 
dermatitis, herpes simplex, and sunburn. © 

Osteomyelitis. There were 21 admissions due to 
this condition in the acute stage. 

Laryngo-Tracheitis. Twenty-six children were 
admitted with stridor as the predominant symptom, 
of which ten were in the first year of life, and 13 in 
the age group 1-5 years. Two of these cases gave 
cause for grave anxiety, but both responded to 
inhalation of a penicillin spray in an oxygen tent. 

Other Conditions. There was one case each of 
septicaemia, fibrocystic disease of the pancreas, 
cerebral abscess, cerebellar abscess, umbilical sepsis, 
regional ileitis, ulcerative colitis, neurofibromatosis, 
pseudohypertrophic muscular dystrophy, acute 
encephalitis, and a solitary cyst of the humerus with 
a pathological fracture. 

Infectious Fevers. There were 80 admissions 
under this heading, mostly admitted before diagnosis 
was possible. There were 22 cases of measles, 13 of 
whooping cough, 12 of non-specific infective 
enteritis, 11 of infective hepatitis, six of diphtheria, 
two each of typhoid fever, paratyphoid, chicken pox, 
Sonne dysentery, scarlet fever, anterior polio- 
myelitis, and one each of rubella, glandular fever, 
mumps, and B. Proteus diarrhoea. 

Appendicectomy and Abdominal Pain. In 154 
cases of appendicectomy the appendix was found to 
be acutely inflamed while in 31 cases the appendix 
was normal. In 24 of these latter there was a 
mesenteric adenitis, which in two cases appeared to 
be tuberculous. Meanwhile 86 children with 
abdominal pain were admitted for observation but 
discharged without operation. 

Other Surgical Cases. Patients admitted with 
hernias and hydroceles numbered 28. There were 
19 orthopaedic cases, and 27 admitted for surgical 
conditions of the nose and ears. There were nine 
cases of interval appendicectomy, 17 other general 
surgical cases, and four dental cases. 


Fractures 
The patients with fractures who were admitted to 
hospital do not give a complete picture of their 
occurrence in children. Those treated as out- 


patients at the fracture clinic of the hospital have 
° 
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therefore been included, raising the total number 
to 288. The age and sex distribution of the different 
sites of fracture are given in Table 6. 














TABLE 6 
AGE (YEARS) AND SEX DISTRIBUTION OF FRACTURES OF 
LIMBS 
Male Female 
a eres 2. ene ee eke 
l | 1 | = l fidis < 
|}oOl;e|/Ole|ote ~ 

Humerus 1 | 7| 13; 10; 2 7 2 2 44 
Radius Oo} 5) 24) 17 0 6 6/10 68 
Ulna ~o} 8}: 2 3 1 0; O 1 0 7 
Radius and | 

ulna... O| 8/11; 14 OO} 2] 4/ 2) 41 
Scaphoid 0| 0 7 0; 0} 0; O| 8 
Meta- | 

carpals | 0; 0} O 7); O| O/} O| 1); 8 
Digits Oo; 1 a) 2; Oi) 2 2 2 | 24 
Clavicle ..| 1 2 6 7 0; O 2 1 | 19 
Upper 2 1 28 ee ae ee oie 
limb total 2 | 25 | 62 | 75 2 47 | 18 | 18 |219 
Femur o/ 1|/ 2/ 1/ o/ 1/ of 1) 6 
Tibia oa, @.| 01 3 8 0 :| 42} 21 
Fibula ..; 0); 0|} O 1 0 1] 1 1 4 
Tibia and 

fibula ..| 0; 2| 2 5 0 1 A\ 2) % 
Foot and 

tarsus ... 0! O | 5 0 0 0 1 7 
Lower ‘| i =~ 
limb total 0 | 13; 14 20 0O;| 4; 9 9 69 
Total .. 2 | 38 | 176\95| 2. 27 288 


21 | 27 





There were only four cases of fracture in the first 
year of life, three of the humerus and one of the 
clavicle. In the other age groups the incidence 
among females was fairly constant, whereas the 
incidence in males rose steeply with increasing age. 

Fractures of the upper limb were three times as 
frequent as those of the lower limb. The most 
frequent bones affected were the radius and ulna 
(116 cases); mext came the tibia and fibula (56 
cases), then the humerus (44 cases), the hand and 
carpus (40 cases), the clavicle (19 cases), the foot 
and tarsus (seven cases), and the femur (six cases). 
Of the fractures of the humerus nearly half were 
supracondylar. 

Results 


In this series of 3,159 cases there were 46 deaths. 
In addition 169 children were transferred to other 
hospitals, 110 with infectious diseases, 45 for long 
term treatment, and 14 for special kinds of therapy. 
The causes of death by age groups are given in 
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Table 7 in order of frequency. Over half the deaths 
occurred in the first year of life, and half of these 
were due to pneumonia. 


TABLE 7 
CAUSES OF DEATH 

















a a 
u a £ = 
' By 5 Bi 5, 
Disease > 2 2 Hn 3 
Eis | @i Tie 
i we J = 
Pneumonia | 14 5 0 0 19 
Congenital morbus 
cordis 4 ] 0 0 5 
Meningitis and 
encephalitis 2 2 0 1 5 
Prematurity 3 0 0 0 3 
Fractured skull 0 1 1 l 3 
Acute rheumatic 
carditis 0 1 0 1 2 
Pyelonephritis l 0 0 0 l 
Proteus enteritis 1 0 0 0 l 
Acute hepatic 
necrosis .. mye 0 0 0 | l 
Laryngeal diphtheria) 0 1 0 0 1 
Craniopharyngioma 0 0 0 l l 
Miliary tuberculosis 0 I 0 0 l 
Septicaemia nd | 0 0 0 1 
Congenital syphilis I 0 0 0 | 
Volvulus... os 0 0 0 | 1 
Total 27 12 | 6 46 
Discussion 


When the word ‘ morbidity ’ is applied to adults 
it usually refers to the cause and duration of absence 
from work. However absence from school is not 
a reliable index. There can be no better criterion 
of morbidity in the school and pre-school child than 
admission to a general hospital, which admits both 
the more and the less severe ailments. It is claimed 
that this series gives a good overall picture of disease 
in childhood in east London. 

It can be seen from this analysis that the causes 
of child morbidity can be divided into three groups 
according to their frequency. First the most common 
diseases of childhood, otitis media, respiratory 
infections, suppurative tonsillitis, injuries and acute 
appendicitis, which together account for 1,347 cases 
(42°8°%). Secondly various groups of diseases 
represented in this series by from 10 to 80 cases 
each; these include abscesses (71 cases), skin 
diseases (65 cases), rheumatism (55 cases), cervical 
adenitis (50 cases), acute gastritis (29 cases), hernias 
and hydroceles (28 cases), urinary infections 
(25 cases), laryngo-tracheitis (26 cases), osteo- 
myelitis (21 cases), and some dozen other con- 
ditions. This group amounts in all to 517 cases 
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(16°46 %). 
rare diseases, either absent from this series, or 
represented by occasional cases only. These account 


The third group contains uncommon or 


for perhaps 4%. The remaining 36% consist of 
short term admissions for circumcision, for tonsil- 
lectomy, for continuance of breast feeding, or for 
observation. 

The preponderance of males over females is not 
unexpected. It is well known that male deaths are 
in excess of female deaths at all ages. While this 
preponderance is shown to some extent throughout, 
it is very much greater in several of the common 
diseases; the conditions in which females pre- 
dominate are, on the other hand, of less frequent 
occurrence. Males predominate to a much greater 
extent in pneumonia than in bronchitis. The 
predominance of males in acute appendicitis is also 
noteworthy. 

That males are more frequently injured than 
females is well known. It appears, however, from 
the analysis of the incidence of fractures (Table 6) 
that after the first year of life the female incidence 
is constant, while the male incidence rises steeply 
with age. Burns and scalds requiring admission 
occur almost exclusively between 1 and 5 years of 
age; of these two-thirds are in boys also. The rising 
incidence of fractures with age in boys can be seen 
to result chiefly from an increased frequency of 
fractures of the carpus, hand and foot in the higher 
age groups: these number in this series three in the 
age group 1-5, nine in the group 6-10, and 35 in 
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the group 11-15; these fractures are much commoner 
in boys (38 cases) than in girls (nine cases). Fractures 
of the forearm show a less marked relationship to 
age, whereas fractures of the humerus, femur, and 
leg show a constant incidence after the first year of 
life. Most sites of fracture are two to three times 
as common in boys as in girls. However, there is a 
special liability of boys to fractures of the clavicle 
(16 boys to three girls), as well as of the carpus, 
hand, and foot (38 boys to nine girls). 


Summary 


Child morbidity has been studied by the analysis 
of the admissions of children to a general hospital 
over a period of two years. 

The age incidence of the commoner diseases is 
described, and the age and sex incidence of fractures, 
burns, and other injuries are briefly mentioned, and 
the frequency of their occurrence approximately 
assessed. 


I should like to thank Dr. F. A. Bryning, Medical 
Superintendent of Hackney Hospital, for permission to 
publish this paper, and Dr. P. B. Newcomb, senior 
physician to Hackney Hospital, for advice in its prepara- 
tion. 
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Since Reiter (1916) gave his name to the syndrome 
characterized by arthritis, conjunctivitis, and 
urethritis, extensive reports of this interesting 
condition have appeared in the world literature. 

A study of the reported series of cases reveals 
certain outstanding features. Until the last few 
years these cases all consisted of young adult males, 
although before Reiter’s paper several authors noted 
joint symptoms in women, with conjunctivitis or 
vaginitis (Huette, 1869; Gauster, 1869; Krdauter, 
1871). Vallée (1946), in reporting a series of 151 
male cases, quoted the youngest recorded case of a 
boy aged 16 years (Junghanns, 1918) and an 
arthritic case in a woman (Lever and Crawford, 
1944). In the last three years, three cases have been 
reported in children under 12 years of age, and this 
diagnosis has been suggested in two younger 
brothers of a reported case in a boy of 15 years. 
Paronen (1948), in a report of 344 cases in Finland, 
gives the most comprehensive survey yet made and 
states that 10% of his patients were women. He 
describes a case in a child aged 2 years and mentions 
that three other patients were aged 12 to 15 years. 

The very close association of the condition with 
Flexner dysentery has been stressed by most authors 
and, in fact, post-dysenteric arthritis was well known 
before Reiter’s description of the syndrome. 
Paronen’s series of cases occurred during the autumn 
of 1944, following a severe epidemic of Flexner 
dysentery in the Karelian Isthmus, and in 96-4% of 
his cases was there a previous Flexner infection, 
two-thirds of the cases occurring from 11 to 30 days 
after the onset of the dysentery. 

All three cardinal symptoms occur in most of the 
recorded cases, but arthritis seems to predominate 
and is frequently the first sign. Involvement of the 
large weight-bearing joints of the lower extremity is 
usual, the knee joint being most commonly affected 
and then the ankle, but in nearly all cases it is a 
polyarticular arthritis. In Paronen’s series 97°3% 
of cases showed articular manifestations and in 
42% of these the knee joints were affected. Vallée 
also stresses this articular incidence. In some cases 


the lesions are so slight as to consist of migratory 
pains in the joints only, but in a large number of 
cases considerable effusions developed; bursae and 
tendon sheaths may also be closely related to the 
joint lesions. Bone destruction is usually very slight 
and occurs late in the disease (Twiss and Douglas, 
1946). The occasional sequel of ankylosis has been 
noted by a number of writers, Vallée (1946), and 
Hollander, Fogarty, Abrams, and Kydd (1945). 

The most common ocular manifestation of the 
syndrome is conjunctivitis, either uni- or bilateral, 
but involvement of the iris, uveal tract, and cornea 
has been reported by Vallée, Zewi (1947), and 
others. The degree of conjunctivitis varies from 
mild cranberry colour redness and velvety appear- 
ance to severe purulent conjunctivitis. The eye 
manifestations frequently occur early in the disease 
and often coincide with the onset of arthritis. The 
incidence of conjunctivitis varies considerably in 
different series of cases: Dorendorf (1917), 25-5%; 
Walther (1941), 4-5°%; and Paronen (1948), 8%. 

Involvement of the urinary tract is considered to 
be the third common manifestation. Urethritis is 
the usual lesion, but cystitis, prostatitis, and nephritis 
have all been noted by many writers (Vallée, 
Hollander, and others). The urethritis is frequently 
extremely mild, being little more than the complaint 
of a burning sensation on micturition in many cases. 
Where actual discharge occurs it is often seropuru- 
lent and much less profuse than in gonorrhoea. 
Paronen noted involvement of the urogenital organs 
in 79-3% of his cases, with urethritis in 90% of 
these. Renal lesions were found in nine of his 
patients. Urethritis may occasionally initiate the 
syndrome but it usually accompanies one of the 
other essential symptoms. 

Generalized lymphadenitis has been noticed in 
many cases, with enlargement of the spleen occasion- 
ally. Skin lesions on the genitalia and over the 
affected joints have also been recognized; pleurisy 
and cardiac lesions have rarely been noted. 

The course of this disease varies from two to 
five months and recovery is the rule, although 
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recurrences have been reported; in Kardung’s 
(1943) case these lasted over a period of 15 years. 

Many types of treatment have been attempted, 
including salicylates, arsenicals, pyrotherapy, sul- 
phonamides and antibiotics, but without noticeable 
effect in a disease which is, in any case, self-limited, 
although recently Warthin (1948) gives an encourag- 
ing report of the use of streptomycin. 

The aetiology of the condition has provoked much 
interest. The outstanding feature that all pus and 
synovial fluids are sterile has suggested the possibili- 
ties of virus infections and allergy. 

Dienes and Smith (1942) have, however, isolated 
the pleuropneumonia bacillus from urethral dis- 
charge and synovial fluid of a small number of 
patients. These organisms have also been isolated 
from vaginal discharge in women and in cases of 
non-specific urethritis in men (Beveridge, 1943). 

The relationship with bacillary dysentery, how- 
ever, appears to be absolutely proved by a large 
number of observers, and the occurrence of diarrhoea 
or proved dysentery from 10 to 30 days preceding 
Reiter's syndrome led Walther (1941) to con- 
sider that it was an allergic manifestation and 
not merely a complication of dysentery. Paronen 
goes so far as to state that on the basis of his 
investigations Reiter’s disease seems to occur only 
after dysenteric infection, proof of the infection 
being obtained if necessary by serological means 
only, where no dysentery infection can be proved 
directly. 

In a discussion of Reiter’s syndrome, mention 
must be made of keratosis blenorrhagica, the clinical 
entity characterized by urethritis, polyarthritis, and 
skin lesions. The latter present a typical picture of 
vesicles leading to crust formation and the develop- 
ment of horny masses, which occur particularly on 
the trunk, extremities, including the palms and 
soles, and the buccal mucous membranes. The 
earlier papers dealing with this syndrome considered 
that it was essentially associated with gonorrhoea; 
Lees and Percival (1931) give a full report of the 
condition and consider the possibility of hyper- 
Sensitivity to gonococcal toxin. Recently the 
similarity to Reiter’s syndrome has been pointed 
out by Epstein (1947), and the absence of proof of 
gonococcal infection in many cases suggested the 
same aetiology for the two syndromes. Peters 
(1949) suggests that keratosis blenorrhagica is 
essentially the same condition as Reiter’s syndrome, 
although the rarity of cases with skin lesions in 
epidemics of Reiter’s syndrome is notable. 

There are two recorded cases of keratosis 
blenorrhagica in childhood. The first is described 
by Robert (1897) in a child aged 4 years, and the 
second by Gault and Gault (1948) in an Indian girl 
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of 7 years. In the latter case the skin lesions were 
typical but there was no definite evidence of 
urethritis or arthritis. 

The first recorded case of classical Reiter’s 
syndrome in a child appears to be in a series of 
10 cases reported by Zewi (1947). A boy aged 
4 years had an attack of diarrhoea, followed after 
one day by conjunctivitis which became bilateral. 
He was admitted to the Ophthalmic Clinic of the 
University of Turku. A week later there was 
dysuria with albumin and leucocytes in the urine. 
On the seventeenth day after the onset of diarrhoea 
swelling of a metacarpo-phalangeal joint was noted, 
followed by arthritis in one elbow and the knee 
joints. Bilateral keratitis occurred. The patient 
was free from symptoms in just over two months. 
No organisms were cultured from urine or con- 
junctival swabs. There is no note of faecal cultures 
or blood agglutination tests for dysentery. 

This author also reports a typical case in a boy 
aged 14 years and in two girls aged 15 and 16 
years. 

In 1946, however, Koster and Jansen record a 
Dutch family in which the eldest child, aged 15 
years, had diarrhoea, followed after a week by 
purulent bilateral conjunctivitis, dysuria, and slight 
polyuria on the following day. Shortly after these 
symptoms there followed a painful swelling in his 
left ankle joint and big toe. The urinary symptoms 
only lasted for one week, but swelling of the tarsus 
and first metatarso-phalangeal joints lasted for some 
weeks. No pathogenic organisms were isolated 
from conjunctival swabs. A brother aged 3 years, 
who also had diarrhoea at the same time, developed 
conjunctivitis and urethritis eight days later, but 
no articular manifestations; and a third boy, aged 
11 years, also had symptoms of urethritis, but these 
two younger children had recovered before medical 
attention was sought for the eldest boy. In all the 
boys the blood showed a positive agglutination to 
Sh. flexneri but the type and height of titre is not 
recorded. They would, however, all appear to be 
cases of Reiter’s syndrome in varying degrees of 
severity. All cleared up without specific treatment 
and with no sequelae. 

Florman and Goldstein (1948) record a white 
male child admitted to Mount Sinai Hospital, New 
York, in August, 1947. He had watery diarrhoea, 
followed five days later by urgency, dysuria, and 
frequency of micturition. Two days later there 
was pyrexia, swelling of the right knee, and bilateral 
purulent conjunctivitis. This child also presented 
generalized lymphadenopathy and a cardiac systolic 
murmur at the apex and left sternal border, with 
no cardiac enlargement. Greenish-yellow pus was 
aspirated from the joint. His urinary symptoms 
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subsided in a week, but he had an exacerbation of 
conjunctivitis with keratitis in the right eye occurring 
on the fifteenth day of illness. Two months later 
the knee joint was completely normal and the only 
residual abnormality was a small corneal opacity. 
Penicillin therapy was given but the keratitis actually 
developed during the course of this. Many 
investigations were done on the patient. The only 
organisms recovered were a staphylococcus albus 
from the conjunctivae and a chromogenic bacillus 
from the knee fluid. No evidence of virus disease 
was found after inoculation of rabbit cornea with 
knee fluid and urethral discharge; also mice were 
inoculated with fluid from the knee joint intra- 
cerebrally and intraperitoneally. The only sero- 
logical tests giving a positive result were those for 
Sh. flexneri vii and viii. The titre for Sh. flexneri vii 
fell from 1:1,280 in the second week of the disease 
to 1:40. 

Paronen gives details of a case occurring in 
Finland in a boy aged 2 years 8 months, who 
developed the syndrome in August, 1946. In 
common with other members of his family, this 
child developed fever and diarrhoea, with blood in 
the stools, lasting for two days. After nearly a 
fortnight he developed bilateral conjunctivitis, 
followed three days later by purulent urethritis, and 
tenderness and swelling of both knees and ankles 
and the left elbow. Three weeks later his blood 
agglutination showed Flexner A+ D+ Wx positive 
at 1:80. Cultures from urine and stools showed no 
pathogens and his symptoms cleared completely 
within four months. Paronen also mentions that 
three of his other cases were boys aged 12 to 15 
years, but no clinical details of these cases are given, 
although it may be inferred from his paper that all 
had been preceded by dysentery. 

Thus, all previously recorded cases in children 
appear to be typical in that diarrhoea preceded the 
onset of symptoms by 5 to 14 days, and the cardinal 
triad of symptoms was present in two of the cases 
under 12 years. The association with Flexner 
dysentery infection also seems present in all these 
children. Although the initial symptoms were 
relatively severe, the clinical course has been typical, 
with fairly rapid recovery compared with cases 
reported in adults. It may also be noted that all 
cases in childhood have been recorded in 
males. 

The following account of this syndrome occurring 
in a boy aged 9 years is believed to be the first 
reported in Britain in a child, and has an additional 
interest in the coincident finding of a congenital 
abnormality of the urinary tract which does not 
appear to have been previously noted in recorded 
series of cases. 


ARCHIVES OF DISEASE IN CHILDHOOD 


Case Report 

Piers M., age 9 years, was admitted to Bristol Children's 
Hospital on November 19, 1948, complaining of pain in 
the right hip. 

Past History. A premature baby (birth weight 44 Ib.) 
he was breast-fed and made average progress. His 
previous illnesses were measles, pertussis, varicella, and 
tonsillectomy at 5 years. No history of gastro-intestinal 
disorder could be obtained. 

FAMILY AND SOCIAL History. The patient is the first 
child in the family. His parents separated shortly after 
he was born and he remained with his mother, who 
subsequently remarried and had two more children who 
are healthy. His mother is a severe asthmatic, frequently 
completely incapacitated; her three siblings and mother 
also had asthma or hay fever. The father was a_healthy 
man. The family lived in a condemned basement flat in 
Clevedon, Somerset. The stepfather, a commercial 
traveller, was away from home a great deal, so that owing 
to the mother’s frequent incapacity a considerable amount 
of domestic work and responsibility was left to the child, 
who received minimal care himself. No history of 
dysentery or any recent alimentary tract disorder in the 
relatives could be obtained. 

HISTORY OF PRESENT ILLNESS. Three weeks before 
admission the child experienced soreness and difficulty 
in micturition, accompanied by marked frequency, 
particularly at night. There was slight pyrexia up to 
100° F. Accourse of sulphamezathine, g. 0-5 four-hourly 
for five days, was given by the general practitioner and 
the symptoms improved considerably, dysuria ceasing 
after a few days, but frequency persisting. Two weeks 
later bilateral mild conjunctivitis appeared, with watery 
discharge. This was considered to be similar to that 
occurring in epidemic form at the time in the neighbour- 
hood. He also had mild pain in the right buttock but 
was able to walk about as usual. Two days before 
admission he had severe pain in the right hip region 
which woke him frequently at night, caused him to limp, 
and eventually forced him to remain in bed. 

EXAMINATION (NOVEMBER 19, 1948.) The patient 
appeared an intelligent, cheerful child, of average height 
for his age, weighing 57 Ib., thin, with moderate pallor 
of mucous membranes. The temperature was 99°, 
pulse 100, respirations 20. There was acute inflamma- 
tion of both conjunctivae, with some oedema of the 
palpebral conjunctiva and increased lachrymation; no 
pus was seen. There was no obvious infection in the 
ears, nose or throat and the cervical glands were just 
palpable in the anterior and posterior triangles. The 
right lower limb was held in adduction, with slight 
flexion of the hip joint. There was tenderness on 


pressure over this joint and some limitation of all ° 


movements. There was no abnormality of heart, lungs or 
abdomen, and no obvious urethral discharge. Blood 
pressure: 100/60. Urine: specific gravity 1012, alkaline; 
albumen, heavy cloud; large quantities of pus, no 
organisms. 

Course. During the first week in hospital, with 
bed rest only, the physical signs in the hip joint cleared 
up and full range of movement was obtained on the 
fifth day after admission. The temperature settled to 
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normal. On November 24 an effusion developed in the 
right knee joint causing considerable heat, pain, and 
swelling; this was followed 48 hours later by similar 
signs in the left knee. There was a slight rise of 
temperature, the range varying between 98°-100°. 
Sodium salicylate, gr. 60 daily, was then given for 10 days 
with no apparent effect on the joint lesions or pyrexia. 
Following this the child looked more ill, became less 
cheerful, and his appetite was bad. 

On December 6 the right ankle became swollen and 
tender and pyrexia increased up to 101 -8° on December 9. 
Intermittent pyrexia continued for the following week 
and the child’s condition appeared to be deteriorating. 
He looked pale, toxic, and lost 44 lb. in weight. Through- 
out the month of December there was little change in 
the knee joints or general condition. From December 28 
to January 8, 1949, he had another bout of pyrexia with 
maximum temperature 102-4°. He appeared to have a 
slight coryza during this time but no pathogenic 
organisms could be cultured from nose or throat swabs. 

On January 6 his 
weight had dropped 
to 48 lb. There was 
still swelling (Fig. 1) 
of both knees and 
the right ankle 
joints, but he was 
now afebrile and 
remained so 
throughout the rest 
of his illness. 
Marked wasting 
had developed in 
the thigh muscles 
and lymphatic 
glands were now 
enlarged in the left 
supraclavicular 
region, both axillae 
and groins. The spleen was never palpable. He 
was then given a ten-day course of penicillin, with 
total dosage of 2,400,000 units in four-hourly intra- 
muscular injections, since on this occasion only, 
Staphylococcus aureus was cultured from the urine. 
Throughout this time he continued to have very marked 
frequency of micturition with occasional pain and 
persisting albumen and pus in the urine. His con- 
junctivitis had cleared up completely. Throughout 
January he appeared to improve slightly and began to 
gain weight. 

During February his frequency ceased, the quantity 
of albumen and pus in the urine suddenly diminished, and 
the joint swellings became much less. On February 23 
he complained of pain in the left ankle for the first time 
and this was noted to be swollen. 

During March the condition of all affected joints 
appeared to improve very much and full range of 
movement returned. He gained 5 lb. in weight. Early 
in April he started to get up and was soon walking well. 
The urine was now quite normal. At the end of April 
there was slight recurrence of swelling in the right knee 
joint but this settled again after a week’s rest in bed. 





Fic. 1.—Swelling of knees and right ankle joint in the eleventh week 9%). 
of symptoms. 


He was discharged to a convalescent home for three 
months at the end of June, 1949, and was last seen in 
December, 1949, when he was free from symptoms, 
appeared well, and the only abnormality to be detected 
was slight residual thickening of the knee joints. 

Investigations. From November 19 to December 31, 
1948, the following investigations were carried out: 

Urine. A larger number of specimens of urine were 
examined. All contained a heavy cloud of albumin, 
large numbers of pus cells, no blood or casts and were 
sterile on culture. Several twenty-four-hourly specimens 
were examined and cultured for tubercle bacilli, with 
negative results. 

BLOOD SEDIMENTATION RATE (Westergren Method). 
80 mm. in first hour on November 22, 1948. This rose 
to 110 mm. in the first hour by December 30, 1948. 

BLoop Counts. On November 23, 1948, haemo- 
globin 88% (Haldane), red cells 4,410,000/c.mm., 
leucocytes 13,500/c. mm. (neutrophils 66%, lymphocytes 
18-5%, eosinophils 11%, monocytes 3:5%, basophils 
1%; 20% of the 
neutrophils were 
‘juvenile’ forms 
with a general 


: marked shift to the 
left). Platelets 
normal. 


On December 14, 
1948, haemoglobin 
75%, red cells 
3,530,000/c. mm., 
leucocytes 12,600/c. 
mm. (neutrophils 
58%, lymphocytes 
30%, eosinophils 


%, monocytes 


On December 30, 
1948, haemoglobin 
66%, red cells 3,810,000/c.mm., leucocytes 13,500/c.mm. 

BLoop. Wassermann and Kahn tests negative. 
Gonococcal complement fixation test negative on 
December 22, 1948. 

CONJUNCTIVAL SWABS. 
and all were sterile. 
smear. 

NOSE AND THROAT Swaps. These were examined on 
November 29, 1948, and December 9, 1948. No 
pathogenic organisms were cultured. 

EXAMINATION OF FAECES. All stools appeared normal. 
There was no microscopic blood or pus and three cultures 
showed no pathogenic organisms. 

URETHRAL SMEAR after prostatic massage (December 
16, 1948) showed many pus cells but culture was 
sterile. 

On December 14, 1948, the right knee joint was 
aspirated. Blood-stained fluid was withdrawn, and on 
standing a large fibrin clot formed. Films showed red 
cells in large numbers and scanty leucocytes, 50% 
lymphocytes, and 50% neutrophils. No organisms were 
seen and culture was sterile. 

MANTOux Test. 1/1,000 and 1/100 dilutions negative. 


Several swabs were examined 
Scanty pus cells were seen in one 
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During January, 1949, the following further investiga- 
tions were made: 

Urine. This was repeatedly examined and continued 
to contain large numbers of pus cells. On this occasion 
(January 3) only there was a moderate growth of 
coagulase negative, penicillin-sensitive Staphylococcus 
aureus, hence a course of penicillin intramuscularly was 
given. Subsequent cultures were all sterile. Urine, 
urethral, and conjunctival swabs were cultured for 
pleuropneumonia-like organisms with negative results. 

BLoop Count (January 24). Haemoglobin 73%, red 
cells 3,660,000/c.mm., leucocytes 7,800—normal distribu- 
tion. 

BLOop SEDIMENTATION RATE. Remained at 100 mm. 
in the first hour throughout the month. 

BLoop UREA (January 24). 30 mg. %. 

BLOOD AGGLUTINATION REACTIONS. These 
perforrned on January 24 with the following results: 

Agglutinations for suspensions of S. typhi (H.O.), 
S. paratyphi A(H.O.), S. paratyphi B(H.O.), Br. abortus, 
Br. metitensis, Sh. sonnei were negative. 


were 


Sh. flexneri 103 negative. 
Sh. flexneri 119 negative. 


Sh. flexneri V positive to titre 1/480. 
Sh. flexneri W positive to titre 1/30. 
Sh. flexneri Z negative. 
Sh. Newcastle negative. 


The agglutination test for Sh. flexneri V and W was 
repeated on the same batch of suspensions and with a 
fresh batch with the same results. 

In view of the continuing pyuria, an intravenous 
pyelogram was performed. This (Fig. 2) showed a 
normal right renal pelvis and ureter, but on the left there 
were two pelves and a double ureter which appeared to 
fuse opposite the level of the fifth lumbar vertebra. 
Slight dilatation of the upper renal pelvis was suggested. 
As a result of these findings, cystoscopy and retrograde 
pyelography was performed by Mr. Wilfrid Adams on 
January 4. The bladder showed no ulceration but only 





Fic. 2.—Intravenous pyelogram showing double left 
renal pelvis and ureter. 


two ureteric orifices were seen. These were catheterizec 
and retrograde pyelography performed. The left 
ureteric catheter was passed easily into the upper rena 
pelvis which was clearly defined by pyelography; the 
lower left pelvis and second ureter did not fill with the 
opaque medium. 

From the beginning of February the pathological 
tests all coincided with the rapid clinical improvement 
in the patient. On February 4 the urine contained no 
albumen, and only scanty pus cells (2-3 per high power 
field). This improvement has been maintained without 
any relapses since that date. 

Blood sedimentation rate (February 14) had fallen to 
32 mm. in the first hour, 87 in the second hour. This con- 
tinued to fall steadily, and on April 2 was 11 mm. in the 
first hour and 35 in the second hour; by the end of April 
it was completely within normal limits. 

A radiograph of the knee and ankle joints taken on 
February 15 showed osteoporosis of the bones adjacent 
to the joints, but no increase in joint space. 

Blood counts showed a steady improvement of the 
anaemia: on March 17 haemoglobin 90%, red cells 
4,550,000/c.mm., leucocytes 10,650 c.mm. with normal 
distribution. 

Blood serum on April 11 gave no agglutination 
reaction to Sh. flexneri V, W, and Z. 

Enquiry from the Medical Officer of Health for 
Clevedon rural district revealed that there had been no 
notified cases of Flexner dysentery in the district in 1948, 
and local general practitioners confirmed that there had 
been no epidemic gastro-enteritis. 


Discussion 


Reiter’s syndrome in childhood appears to be a 
rarely noted condition, although it seems possible 
that where the incidence is high in the adult popula- 
tion of a community, cases of a mild nature may 
occur simultaneously among the children. These 
cases may present only one or two of the classical 
symptoms and the joint lesions may be extremely 
transitory. The close relationship of the syndrome 
to Flexner dysentery suggests that where an epidemic 
of dysentery has been known to occur in a district, 
during the following month careful observation of 
the child population may reveal a number of these 
milder cases. 

All previously reported cases in childhood are 
quite typical, although of a relatively mild variety. 
The present case shows the classical picture of the 
syndrome and is of a rather more severe type and 
longer duration than these other cases. Urethritis 
was the first symptom in this patient, followed by 
conjunctivitis, and fairly severe arthritis affecting the 
lower extremities only. The duration of the disease 
was five months, during the whole of which time 
the erythrocyte sedimentation rate was raised and 
joint lesions were present. The urinary infection 
lasted for three months and was extremely severe. 
As in all previously recorded cases, the outstanding 
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feature was the very large quantity of pus in the 
urine which was repeatedly sterile on culture. The 
dramatic clearance of the heavy pyuria and marked 
frequency during the course of only one week in 
the thirteenth week of the disease was striking. 
The finding of a congenital abnormality of the 
urinary tract is of some interest, but stasis of urine 
could not definitely be confirmed and there is no 
evidence that this abnormality influenced the course 
of the disease. The conjunctivitis in this case was 
extremely mild, although some excess redness of 
the conjunctivae was noted for about three months. 

The development of a normocytic anaemia, with 
haemoglobin reduced to 66%, during the first two 
months of the disease is in agreement with the 
findings of Paronen for 29-7°% of his patients. He 
also noted a leucocytosis of 10,000 to 18,000 per 
cmm. in 15-8°% of his patients, with eosinophilia 
in 33%. In this case there was a definite slight 
neutrophil leucocytosis and an eosinophilia (11%) 
in the first blood count. It is to be noted that, 
coinciding with the rapid clinical improvement at 
the end of the third month, the blood count returned 
to normal limits without any special treatment. 

This case throws no particular new light on the 
aetiology of the syndrome. It is typical in that no 
organisms could be cultured from discharges, joint 
fluid or excreta, and a search for pleuropneumonia- 
like organisms gave negative results. The point of 
special interest is the significantly high agglutination 
titres for Sh. flexneri V at the height of the disease; 
these disappeared as the condition cleared up. 
It, therefore, seems likely that this child had a 
sub-clinical infection with Sh. flexneri V despite the 
absence of any history of alimentary tract disorder, 
and that this case is, therefore, exactly comparable 
to previously recorded cases in children in its close 
association with Flexner infections. The patient 
came from a highly allergic family, and the increase 
in eosinophils in the first blood count is compatible 
with an allergic reaction. 

The suggestion that this condition may be due to 
a virus infection would seem unlikely in view of the 
large amount of pus produced in the urinary tract, 
since, as a general rule, virus infections are not 
associated with much pus production. In one of 
the recorded cases, that of Florman and Goldstein 
(1948), the fluid aspirated from a joint was definitely 
purulent. Therefore, while it seems unlikely that 
a virus is the primary agent in these cases, con- 
sideration might be given to the suggestion that 
some such infection, in association with Flexner 
dysentery, produces this very characteristic clinical 
syndrome. 

Before diagnosis, one course of sulphamezathine 
and a course of salicylates were given, but as soon as 


diagnosis seemed certain the only other treatment 
was one course of penicillin in view of the numerous 
reports in the literature of the failure of all forms of 
treatment. This case is, therefore, typical in that 
the child recovered spontaneously and one year 
after the onset of the disease he is well and has had 
no relapses. 
Summary 


A review of the literature of the many series of 
cases of Reiter’s syndrome shows that the condition 
has been rarely reported in childhood. An account 
of the only three other cases reported in detail in 
children under the age of 12 years has been given, 
and the relationship to dysentery indicated. 

A typical, fairly severe case in an English boy of 
9 years is presented, in whom, despite the absence 
of diarrhoea, a significantly raised serum agglutina- 
tion titre for Sh. flexneri V was found, which fell to 
normal as the clinical condition recovered. In 
addition, the patient had a congenital abnormality 
of the urinary tract. 

A suggestion is made that, following epidemics of 
dysentery, this condition may be found less rarely in 
childhood if a search is made for minimal clinical 
manifestations. 
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STUDIES OF THE CEREBROSPINAL FLUID CIRCULATION 
IN TUBERCULOUS MENINGITIS IN CHILDREN 


PART I. 


THE USE OF PENICILLIN AS A TRACER SUBSTANCE 


BY 


JOHN LORBER 
From the Department of Child Health, University of Sheffield 


(RECEIVED FOR PUBLICATION OCTOBER 22, 1950) 


It has been conclusively proved that the cerebro- 
spinal* route for the administration of streptomycin 
is essential in the treatment of tuberculous meningitis 
(Medical Research Council, 1948; Rubie and 
Mohun, 1949). Only a few workers consider it 
unnecessary (Levinson, 1949; Mouriquand, 1948). 
There is, however, less general agreement about the 
optimum site of cerebrospinal administration of 
streptomycin. The lumbar, ventricular, and cisternal 
routes are most commonly used, but streptomycin 
has also been injected through indwelling poly- 
ethylene catheters direct into the interpeduncular 
space (Cairns, 1949; Smith, Vollum, and Cairns, 
1948) or into the pontine cistern (Komrower, 1950). 

Early in the experimental stage of streptomycin 
treatment of tuberculous meningitis it became 
obvious that obstruction within the cerebrospinal 
pathways was frequent and that this factor must 
influence the choice of route. The sites of obstruc- 
tion are the same as those in other forms of 
meningitis, namely the Sylvian aqueduct, the 
foramina of Magendie and Luschka in the roof of 
the fourth ventricle, and especially at the tentorial 
opening and within the spinal theca (Cairns, 1949). 
There are various views regarding the aetiology of 
these blocks. Tuberculous granulation tissue 
(M.R.C., 1948); fibrinous exudate which may 
become fibrous later (Cairns, 1949; Cathie, 1949; 
Smith et al., 1948; Daniel, 1949); reaction to 
‘bloody tap’ (Cairns and Taylor, 1949); the 
irritant effect of streptomycin (Cathala and Bastin, 
1948; Winter, 1950); and herniation of the brain 
into the foramen magnum or tentorial opening 
(Cairns, 1949; Smith et al., 1948) have all been 
blamed. These may be responsible singly or in 
combination. Early recognition of these blocks is 
necessary because they have an important thera- 
peutic and prognostic significance. Such early 


* ‘Cerebrospinal ’ is used as an inclusive term for the intrathecal 
(lumbar and cisternal) and intraventricular route. 


recognition can be achieved by the systematic study 
of the circulation of the cerebrospinal fluid. 

Dandy and Blackfan (1914) and Dandy (1919) 
have shown in a series of classical experiments that 
the cerebrospinal fluid is formed by the choroidal 
plexuses of all four ventricles. The fluid passes 
through the foramen of Monro into the third 
ventricle, the narrow Sylvian aqueduct and the 
fourth ventricle and then emerges from the brain 
through the medial and lateral foramina of the roof 
of the fourth ventricle. Part of the fluid travels down 
and then up inside the spinal subarachnoid space to 
join the rest at the cisterna magna at the cerebello- 
medullary angle. The fluid here divides again. 
Some of it travels forward via a system of basal 
cisterns, the remainder passing upward over the 
cerebellum, then under the tentorium to join the 
rest and traverses the final narrowing at the tentorial 
opening, where the cisterna ambiens encircles the 
brain stem. The fluid then rises above the tentorium 
into the subarachnoid space over the surface of the 
brain. According to Dandy and Blackfan (1913) and 
Dandy (1929) most of it is absorbed here into the 
capillaries of the pia-arachnoid, and not into the 
great sinuses via the arachnoid villi,as was originally 
held by Key and Retzius (1875-76). Weed’s (1914, 
1922, and 1935) experiments and observations, 
however, strongly supported the view of the latter 
workers which is largely accepted at present. Under 
pathological conditions the choroid plexuses (Foley, 
1923; Forbes, Fremont-Smith, and Wolff, 1928) and 
possibly the ependymal lining of the ventricles may 
act as absorbing surfaces (Nafiagas, 1921; Wislocki 
and Putnam, 1921). A _ relatively insignificant 
proportion of fluid is absorbed in the spinal sub- 
arachnoid space and in the posterior fossa of the 
brain (Dandy and Blackfan, 1914). 

In the absence of a block the cerebrospinal fluid 
obtained by lumbar, cisternal or ventricular puncture 
is of very similar composition, although the protein 
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C.S.F. CIRCULATION IN MENINGITIS 


concentration in the lumbar sac is usually slightly 
above that found at a higher level (Greenfield and 
Carmichael, 1925; Merritt and Fremont-Smith, 
1937a). Constriction of the jugular veins during 
lumbar puncture usually results in a considerable 
and rapid rise of pressure, followed by an equally 
rapid fall on release of the constriction (Quecken- 
stedt, 1916). 

The usual signs of spinal block are a rising protein 
content of the cerebrospinal fluid, a rapid fall in 
pressure, and an absence of rise of pressure on 
jugular compression. The presence of a block is 
more certain if there is a gross difference between 
the protein content of the lumbar and the cisternal 
fluid (Ayer, 1922), although it is known that when 
there is an increase in the C.S.F. protein, that 
increase is greatest in the lumbar fluid (Merritt and 
Fremont-Smith, 1937b). These are unfortunately 
late signs of a spinal block in tuberculous meningitis, 
and yet they are not infallible. Very high protein, 
low pressure, and the slow dripping of fluid singly 
or in combination may occur without a true block 
(Cairns and Taylor, 1949). The signs cannot be 
relied on at all if the block occurs above the cisterna 
magna, as for example at the tentorial opening or 
the Sylvian aqueduct. In such cases the rate of flow 
of the cerebrospinal fluid may be normal or even 
accelerated and the protein content is not above the 
usual level in tuberculous meningitis. 

Earlier and more accurate diagnosis of a spinal 
block or of blocks at a higher level can be accom- 
plished by injecting dyes (Dandy, 1918) or anti- 
biotics (Cairns, Duthie, Lewin, and Smith, 1944; 
Smith and Daniel, 1947) into the cerebrospinal 
pathways at one point and detecting their presence 
after a suitable interval at a different point. Lipiodol 
and allied compounds have been used extensively 
in neurosurgery for the detection of spinal blocks 
since the description of the method by Sicard and 
Forestier (1921 and 1926), but is contraindicated 
because of the local irritation they cause and the 
difficulty of removing them after injection. The 
detection of blocks by air studies will be reviewed 
in detail in Part II. 

Milani-Comparetti, Zoli, and Pasquinucci (1948 
and 1949) compared the streptomycin content of the 
lumbar and cisternal fluid eight hours after lumbar 
injection in a large series of cases of tuberculous 
meningitis. They found that normally the same 
values were obtained and the ‘ diffusion index ’ of 
cisternal/lumbar streptomycin content was 1. If 
the value of this index was below 1 partial block was 
Suspected and absence of streptomycin in the cis- 
ternal fluid was accepted as proof of complete spinal 
block. In such cases they considered that cisternal 
administration of streptomycin was essential. 
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The Oxford workers (Smith and Daniel, 1947) 
did not find the use of dyes very satisfactory in cases 
of meningitis and suggested the use of penicillin 
as a tracer substance in  streptomycin-treated 
tuberculous meningitis. Its advantages are that it 
is non-toxic, non-irritant in therapeutic doses, easy 
to assay quantitatively, and can be used repeatedly. 
It is probably safe to assume that where penicillin 
can penetrate, streptomycin will do likewise. The 
method adopted at Oxford was to inject penicillin 
into one of the lateral ventricles and to detect its 
presence in the lumbar cerebrospinal fluid, or vice 
versa, two to six hours later. The disadvantages of 
this method are that the concentrations of penicillin 
obtained are usually quite low (Smith, personal 
communication), presumably due to absorption of 
penicillin into the general circulation; that two 
separate operations at different times are required; 
that if a block is detected its exact location is not 
identified; and finally, that cranial burrholes are 
necessary when the suture lines are closed. 


Present Study 


Method. In this study the Oxford technique was 
adopted with the following modifications. The penicillin 
was injected by the lumbar, cisternal or ventricular route, 
but the lumbar route was preferred because it is the 
commonest and simplest route for intrathecal strepto- 
mycin administration. Cerebrospinal fluid was obtained 
before penicillin injection and was used as a blank 
control. Penicillin, 15,000 units, dissolved in 5 ml. of 
normal saline was then injected to replace an equal 
volume of cerebrospinal fluid. If the injection was given 
by the lumbar route, then either cisternal or ventricular 
fluid was obtained within five to ten minutes of the 
injection and its penicillin content assayed. Only 
1 to 2 ml. of fluid were removed at this time, so that 
factors of negative pressure and hastened circulation 
should not tend to increase the penicillin content of the 
test fluid and thereby create false experimental con- 
ditions. If more fluid were removed for any other 
reason, this was collected in a separate container. The 
dose of penicillin and the time factor were kept constant 
whichever route was used for the injection. The 
cisternal route was frequently used, because it is nearest 
to the site of the maximal inflammation at the base of 
the brain and because it enabled a block to be localized 
to the spinal canal or above it. The examinations were 
performed 24 hours after the last intrathecal streptomycin 
injection and the usual dose of streptomycin was injected 
intrathecally after the last specimen was removed. 

The total cerebrospinal fluid volume was arbitrarily 
assumed to be 150 ml. in each case. Obviously some 
deviation from this figure in both directions must have 
occurred in many cases but probably not to a significant 
degree, bearing in mind the frequent dilatation of the 
ventricles in the smaller children. Theoretically the dose 
of 15,000 units of penicillin should therefore give a 
concentration of 100 units/ml. if complete and rapid 
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mixing takes place. As the second specimen of cerebro- 
spinal fluid was removed within 10 minutes of the 
original injection, the factors of absorption into the 
blood stream and re-secretion into the cerebrospinal 
fluid can be ignored. This was verified in the earlier 
cases of the series, where no bacteriostatic penicillin level 
could be detected in the blood taken 10 minutes after the 
intrathecal injection. The bacteriological technique 
employed is described in the Appendix. 

The protein content of the cerebrospinal fluid specimens 
obtained for the penicillin assays was also determined. 
These findings were correlated with those of the penicillin 
assays, and the latter were used as controls on the 
accuracy of protein levels and the lumbar/cisternal 
protein ratio as an index of spinal block. 


Material. Twenty-seven children were selected 
for this method of investigation between January, 
1949, and August, 1950. They were between 
5 months and 12 years of age and all suffered from 
bacteriologically confirmed tuberculous meningitis. 
They were chosen from a much larger group of 
children treated with streptomycin for tuberculous 
meningitis, either because the presence of a block 
was suspected on clinical grounds, or else because 
it was desired to confirm the disappearance of a 
previously existing block. The examinations were 
performed up to seven times in an individual child, 
and altogether 55 penicillin assays have been 
performed. The sites investigated were between the 
lumbar theca and the cisterna magna in 38, between 
the lumbar theca and one or both lateral ventricles 
in 11, between the cisterna magna and the lateral 
ventricles in five, and between the two lateral 
ventricles in one (Table 1). No harmful effects were 
noted in any case. 

Objective. There was an immediate and remote 
objective for these investigations. The immediate 
object was to establish the state of the cerebrospinal 


TABLE | 
SITES INVESTIGATED BY PENICILLIN ASSAY AND RESULTS 




















Number 
of Blocks No 
Assays Found Block 
Lumbar theca to cisterna 
magna (or reverse) re 38 18 20 
Lumbar theca to lateral 
ventricles (or reverse) .. 11 4 7 
Cisterna magna to lateral 
ventricles (or reverse) .. 5 1 4 
Left to right lateral ven- 
tricle ca np ‘er I 0 1 
Total * rs 55 23 32 
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fluid circulation in the individual case, and, if a © 


block were detected, to take appropriate therapeut.c 
steps. The remote objective was to discover how 
quickly penicillin (and thus streptomycin) reached 
the various parts of the system, what concentration 
could be obtained at the various points and thus to 
determine the optimum site of streptomycin injection 


not only in the individual case, but generally in all 4 


cases of tuberculous meningitis. 


Results 

It was soon realized that the exact site of blocks 
within the cranial cavity could-be determined more 
accurately by air studies. The main part of the 
present investigation was therefore concerned with 
the detection of spinal blocks, but examinations 
were also carried out to detect blocks above that 
level, occurring either at the foramina in the roof 
of the fourth ventricle or at the Sylvian aqueduct. 
Penicillin assay is unsuitable for the detection of 


blocks at the tentorial opening because of the 


difficulty and often impossibility of obtaining fluid 
from the subarachnoid space over the surface of 
the brain. A tentorial block will not prevent 
penicillin from entering the ventricles from the 
lumbar theca or vice versa. This was proved several 
times by air encephalograms (Lorber, in the press). 


In the absence of blocks no difference was found ’ 


in the rate of dispersal of penicillin wherever it was 
injected. 
ventricular or cisternal fluid after lumbar injection 
as quickly as the other way round, and apparently 
complete mixing took place within 10 minutes, both 
with, and against, the flow of the fluid. This 
observation strengthens the suggestion that there is 
not only an outward flow from the ventricles but 
that an active circulation of the fluid exists. 

Spinal block was suspected 
Altogether 38 penicillin assays were performed on 
therm, using lumbar and cisternal punctures. 
block was proved in 12 of these children on 18 
occasions. In addition spinal block was regarded 
as proved in a further case. This 5-months-old 
infant was admitted following several convulsions. 


Lumbar puncture yielded scanty xanthochromic - 


fluid under low pressure and with a protein content 
of 1,500 mg. %. 
was not influenced by removal of all available lumbar 
fluid. The protein content of the ventricular fluid 
was 50 mg. %. 
day and at a later date, but this could only be 


performed between the lateral ventricle and the . 


cisterna magna, as lumbar fluid could not be 
obtained on any subsequent occasion. This child 


was the only one in which a spinal block was present | 


before treatment. In all the others the block 


Penicillin could be detected in the. 


in 20 children. 7 


Spinal - 


Her fontanelle was bulging and — 


Penicillin assay was attempted next » 
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developed any time from within a few days to over 
a year after the beginning of treatment. 

In one infant, the exact site of the spinal block 
was accurately localized to the cauda equina by high 
and low lumbar punctures. 

The protein content of the lumbar and the 
cisternal cerebrospinal fluid was estimated on the 
specimens removed for the penicillin assay on 36 
occasions. The penicillin assay indicated spinal 
block in half of them. The range of the protein 
content of the lumbar fluid was 65-1,500 mg. % in 
cases of block, and 20-1,200 mg. % without block, 
and the average was 340 and 280 respectively. 
There was a considerable overlap in the figures for 
the two sets of cases, although both the individual 
and average highest figures were obtained where a 
spinal block existed. ' 

The ratio between the lumbar and cisternal protein 
content was also calculated. Where a block was 
present, the minimum ratio was 1:5:1-0, the 
maximum 30-0:1-0, and the average 3-8:1-0. In 
the absence of a block, the cisternal protein was 
slightly higher than the lumbar in one instance and 
the same intwo. In the other 15 the lumbar/cisternal 
ratio varied from 1-1:1-0 to 7:2:1-0, and the 
average of all 18 estimations was 2-3:1-0. There 
was appreciable overlap in these ratios, too, and 
in seven of the 18 instances with a block the ratio 
was less than the average of 2-3:1-0 for the cases 
without blocks. Conversely, in three of the 18 
instances without a block, the ratio was above 
3°8:1-0, the average for those with blocks (Table 2). 
There is little doubt, however, that these findings 
apply only to cases where spinal block was suspected 
on clinical grounds, as only these children were 
investigated. 

In eight children the clinical suspicion of a spinal 
block was disproved by penicillin assay. In one 
instance free spread of penicillin was observed from 
the lumbar to the cisternal area, in spite of a lumbar 
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protein value of 1,200 mg. % and a lumbar: cisternal 
protein ratio of 3-4:1. 

In 10 children investigations for suspected block 
were carried out by penicillin assay on 16 occasions 
between the lumbar or cisternal area and the lateral 
ventricles or in the reverse direction. A block was 
found five times and these were found by encephalo- 
graphy to be at the Sylvian aqueduct or at the 
foramina in the roof of the fourth ventricle. 

In the 12 fatal cases where necropsy was per- 
formed, the presence and location or absence of 
spinal or other blocks was found to correspond to 
the findings of the penicillin assay during life. 
Seven children had a spinal block at the time of 
death, but in only two could death be reasonably 
attributed directly to the spinal block. In both 
cases this developed in the first three weeks of 
treatment, was of rapid onset, and its recognition 
was too late. In the five other fatal cases a tentorial 
block leading to hydrocephalus was also present and 
this was considered to be the cause of death. 

Spinal blocks were not necessarily permanent. In 
one fatal case blocks were proved on two occasions, 
but with normal spread of penicillin between these 
times. Six of the 13 children with spinal blocks are 
alive seven to 26 months after the beginning of 
treatment. In each of these it is assumed that the 
block no longer exists. In three of them, subsequent 
penicillin assays showed free circulation, in two 
others air freely entered the ventricles after lumbar 
injection at a later date, and in the sixth the lumbar 
cerebrospinal fluid returned to normal and stayed 
normal for over a year. The disappearance of these 
blocks was spontaneous in every case. 


Discussion 
The results of this investigation indicate that in 
the absence of a block there is no merit in administer- 
ing streptomycin by the cisternal or ventricular 
route in preference to the lumbar one. Penicillin, 


TABLE 2 


CORRELATION OF THE PROTEIN CONTENT OF THE LUMBAR FLUID AND OF THE LUMBAR/CISTERNAL PROTEIN RATIO WITH 
SPINAL BLOCK AS INDICATED BY PENICILLIN ASSAY 

















Protein Content of Lumbar C.S.F. Lumbar C.S.F. Protein Ratio 
(mg. % Cisternal 
Range Average Range Average 
Spinal block (18 cases) 65-—1,500 340 1-5-30-0 3-8 
1 1 
No spinal block (18 cases) 20-1,200 280 0-9-7-2 2:3 


1 1 
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and therefore streptomycin, will freely reach all 
areas within a few minutes of lumbar injection and 
the concentration will be the same in the cisterna 
magna and in the ventricles. Penicillin rapidly 
diffuses from the site of injection if given by cisternal 
puncture. 

There is a widespread belief that tentorial block, 
or the hydrocephalus due toit, necessitates ventricular 
or cisternal injections. Careful consideration of the 
anatomy of the cerebrospinal pathways will make it 
obvious that this is not the case, because there is still 
free communication between the lateral ventricles 
and the lumbar theca. This was fully borne out by 
the experiments described. There was a free spread 
of penicillin in these cases. This does not minimize 
the gravity of this condition, which will be more 
fully considered in Part II of this study. 

The situation is different if blocks exist within the 
spinal canal or at the entrance and exit of the fourth 
ventricle. It is essential to detect a spinal block 
early, because prompt recognition and the abandon- 
ment of the lumbar route for streptomycin adminis- 
tration minimizes its dangers. If a spinal block is 
not detected early, and lumbar intrathecal adminis- 
tration is continued, then for practical purposes the 
patient is only receiving intramuscular treatment, 
which is known to be inadequate. In such cases an 
alternative route must be found for cerebrospinal 
administration. 

A simple, rapid and reliable test is needed for the 
early .diagnosis of such blocks. The method 
described, consisting of the use of penicillin as a 
tracer substance, appears to fulfil those needs and 
it appears to be better than other methods of 
diagnosing spinal blocks in cases of tuberculous 
meningitis. The usefulness of penicillin assay, 
however, is limited to the investigation of menin- 
gitis, when the free spread of antibiotics is in doubt. 
This method can only detect complete obstruction, 
and does not exclude the presence of a considerable 
amount of exudate round the spinal cord or of a 
tumour not leading to complete obliteration of the 
spinal subarachnoid space. The limitations of the 
method are exemplified by the case of an infant 
with a spinal tumour. Although penicillin passed 
freely to the cisterna magna after lumbar injection, 
diodone myelography localized a tumour occupying 
the segments suggested by the neurological examina- 
tion. The lumbar/cisternal protein ratio was 15:1, 
but the block was not complete. In these cases the 
lumbar/cisternal protein ratio is a more reliable 
early guide (Ayer, 1922). 

The discovery of a block between the cisterna 
magna and the lateral ventricles implies the presence 
of at least two large separate compartments requiring 
cerebrospinal treatment and the total dose must be 
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divided between them. Ventricular punctures for 
streptomycin administration and for the relief of 
pressure are necessary, but the outlook is poor in 
these cases. 

The following criteria are considered to be the 
indications for performing investigations to exclude 
spinal block: (i) failure of clinical improvement or 
deterioration in the patient’s condition in the absence 
of an obvious reason; (ii) unduly low cerebrospinal 
fluid pressure; (iii) a protein content of the lumbar 
fluid of over 300 mg. %; (iv) xanthochromia ; 
(v) pain during injection of streptomycin into the 
lumbar theca; and (vi) persistent backache, girdle 
pains or pain radiating down the legs, suggestive of 
involvement of the spinal nerve roots by exudate. 


Summary 


An attempt was made to determine the optimum 
route of cerebrospinal administration of strepto- 
mycin in the treatment of tuberculous meningitis 
and to detect a block as soon as possible. 

The method employed was a modification of the 
Oxford technique of the use of penicillin as a tracer 
substance. It consists of the injection of a standard 
amount of penicillin into the cerebrospinal circula- 
tion at one point and its quantitative detection 
within 10 minutes from fluid obtained from a 
different site. This method was used on 55 
occasions. 

It was found that in the absence of obstruction 
free and rapid mixing of the penicillin takes place 
irrespective of the site of its injection. Blocks were 
detected on 23 occasions, 18 of them within the 
spinal theca. 

The reliability of the lumbar protein content and 
of the lumbar/cisternal protein ratio as indices of 
spinal block were compared with the results of the 
penicillin assay. The former methods were found 
to be unreliable in cases of tuberculous meningitis. 

Penicillin assay is not a suitable method for the 
detection of tentorial blocks or partial obstructions. 

The greatest practical importance of penicillin 
assay is the detection of spinal blocks because 
appropriate treatment given in time will minimize 
its dangers. Spinal blocks are not necessarily 
permanent. 

Indications for the performance of these tests are 
suggested. 
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APPENDIX 


BY 


SHEILA M. STEWART 
From the Children’s Hospital, Sheffield 


Bacteriological Technique 


Since the total cerebrospinal fluid volume varied 
to some extent, the exact concentration of penicillin 
in the cerebrospinal fluid expected by complete 
mixing was unknown. It was therefore only con- 
sidered necessary to carry out relative assays. The 
agar-cup-plate method (Fleming, 1942) was adopted. 


Method. A layered blood agar plate was prepared, 
the lower layer consisting of uninoculated nutrient agar 
and the upper Jayer of 10% horse blood agar inoculated 
with a 1/100 dilution of a 24-hour broth culture of 
Richard’s strain of Streptococcus pyogenes. Each layer 
was approximately 2-0 mm. in depth, but as each plate 
had its own control, an accurate control of the depth of 
agar was unnecessary. Three cups, 7-0 mm. in diameter, 
were cut in the agar with a cork borer and sealed with a 
drop of melted agar. Equal volumes of control and test 
fluids were placed in the cups: 

Cup 1 (Blank Fluid). Cerebrospinal fluid taken before 
the injection of penicillin. 

Cup 2 (Standard Penicillin Solution). 
100 units per ml. soluble penicillin. 

Cup 3 (Test Fluid). Cerebrospinal fluid taken after the 
injection of penicillin. 

The blank fluid was a control for bacteriostatic 
activity due to residual streptomycin. The standard 
penicillin concentration was chosen at 100 units per ml. 


A solution of 


as that of the test fluid was expected to be of this order. 
The widths of the zones of inhibition of the test organism 
were measured after 24 hours’ incubation at 37° C. 

The serum penicillin assays were carried out by a 
dilution method using whole blood and Richard’s strain 
of Streptococcus pyogenes (Emery, Stewart, and Stone, 
1949). 

Results. The zones of inhibition of the standard 
penicillin solution varied from 9-0 to 18-0 mm. The 
control fluids gave maximum zones of 1:0 mm. In 
32 cases the test fluids gave zones of from 9-0 to 18-0 mm. 
and in 21 cases zones of from 0-0 mm. to 1:0 mm. 
In two cases the blank controls gave no inhibition, the 
test fluids 3-0 and 4-5 mm. respectively, and the standard 
solution 10-0 mm. 

Blood penicillin assays, carried out on some of the 
earlier cases to exclude the absorption of penicillin into 
the blood stream in significant quantity, showed no 
detectable levels. 


Discussion 


It is well known that when solutions of an 
antibiotic are placed in a cup in an agar plate seeded 
with a sensitive organism, the zones of inhibition 
produced round the cups are proportional to the 
concentrations of the antibiotic in the solutions. 
The actual zone is affected not only by the concen- 
tration of the solution, but also by constituents of 


29 
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the medium, depth of the medium, and size of the 
cup (Fleming, 1942). These latter factors are 
constant for any one plate provided that it is poured 
on a flat surface. Therefore, in the method reported 
here, the concentration of the test fluid can be 
compared with that of the standard solution, the 
latter giving a basis for comparison between 
different sets of assays. Streptococcus pyogenes was 
chosen as the test organism in preference to 
Staphylococcus aureus since it was found to have a 
lower sensitivity to streptomycin. 

In the 32 cases where the zones of inhibition of 
the test fluids were between 9-0 mm. and 18:0 mm., 
the difference between the test fluid zone and the 
standard zone was never greater than 6:0 mm. 
representing about 30% of the standard zone. 
These zones represent a penicillin level of the order 
of 50-100 units per ml. and are therefore indicative 
of mixing of the cerebrospinal fluid within the test 
period. 
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In the 21 cases where the test fluid zones weie 
0-0 mm. to 1:0 mm., the blank fluids had given tle 
same degree of inhibition and therefore the resul s 
indicated no mixing of the penicillin in the cerebro- 
spinal fluid. In the two cases where the inhibition 
zones of the test fluids were 3-0 mm. and 4-5 mn. 
respectively, some slowing down of the mixing wes 
suggested, but not a complete block. 

The conclusions drawn on the above criteria have 
been confirmed by necropsy findings and/or air 
encephalograms where available. 


Thanks are due to Professor—R. S, Illingworth and 
Dr. T. Colver for permission to investigate their cases, 
to Dr. J. L. Emery for the pathological data, and to 
Professor Illingworth and Dr. Emery for their criticism. 
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NEUROBLASTOMA OF 


BY 


EXTRARENAL ORIGIN 


S. SELBY 
From the Coronation Hospital, Johannesburg 


(RECEIVED FOR PUBLICATION NOVEMBER 28, 1949) 


Malignant growths in the Bantu child are 
uncommon. The Paediatric Service of the Corona- 
tion Hospital deals with 1,500 medical paediatric 
in-patients a year and in five years we have 
encountered only four cases of embryoma of the 
kidney, two cases of reticulum cell sarcoma, and 
only one case of neuroblastoma. 

Ladd and Gross (1941), quoting Wyatt and Farber 
(1941), say that neuroblastoma is the commonest 
abdominal tumour in childhood. This, our only 
case of neuroblastoma, was admitted with the 
diagnosis of ‘ diarrhoea and an abdominal mass for 
investigation.” Within four weeks of admission the 
case showed extensive skeletal changes, including 


fractures. It is reported because it presents the 
unusual features of neuroblastoma proved to be of 
extrarenal origin. 


Case History 


The patient, Josephine, was a female Bantu child 
aged 5, and was admitted to this hospital on February 10, 
1949. Questioning the mother revealed that the child 
became ill about Christmas, 1948, when her feet began 
to swell and remained swollen for 15 days. She also 
suffered from diarrhoea by day and by night. She 
passed as many as five bloodstained soft stools a day 
and had also passed ‘ pink ’ or bloody urine. Since the 
onset of illness in December, 1948, the child looked 
anaemic. 


TABLE | 


BLoop ANALYSIS FINDINGS 





Red | 








| Blood White Percentage 
Date | Hb. Cells Blood . Description 
| (g. %) (millions) Cells P. a M E. mm } 
1.249 | 1-7 -690 7,300 | | | Patient given 300 ml. blood. 
11.249 | 6:4 2-150 9,300 we si 67 3 1 | Plasma cells 2%; E.S.R., 76; 
| | P.C.V., 18-5. 
12.2.49 | Patient given 300 ml. blood. 
14.249 | 7-5 2-540 7,300 47 44 3 | Myelocytes, 3%; plasma cells, 
| 2%. 
22.2.49 300 ml. blood given. 
6.3.49 250 ml. blood given. 
15.3.49 500 ml. blood given. 
17.3.49 1] 3-666 7,200 E.S.R. (uncorrected), 61. 
19.3.49 7°5 2-150 9,400 50 37 4 1 | ? Myeloblasts, 4%; unidentified, 
4%; several neutrophil myelo- 
| cytes, marked polychromasia. 
31.3.49 3°5 1-410 5,400 60 29 1 1 Myelocytes, 8%. Patient given 
| 500 ml. blood. 
1.4.49 4:6 1-920 5,100 71:5 19 3 1-5 | Neutrophil myelocytes, 1% ; 
| myeloblasts, 1%; unidenti- 
fied, 3%. 
2.4.49 | Patient given 1,000 ml. blood. 
44.49 | 12-5 4-290 | 
—o 1-500 3,950 | | Patient given 500 ml. blood. 
5.4.49 | | 
19.4.49 1-600 Patient given 320 ml. blood. 
20.4.49 | 
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The child was the eldest of threc. 
Nothing abnormal was elicited about he- 
previous health. 

Examination revealed an anaemic, co 
operative Bantu child. The temperatur 
was 102-6° F. The head was normal it 
size and shape. Both eyelids were puffy 
the conjunctivae were pale, and the mucous 
membrane of the mouth was also pale 
There were no palpable glands in the 
neck. Both lung fields were clear. The 
heart sounds were normal. The pulse 
rate was 120. Abdominal palpation 
showed that the tiver was three fingers 
below the costal margin and the spleen 
was palpable. In the umbilical area a 
firm, untender mass about three inches in 
diameter was felt. It was slightly movable 
and seemed to be attached to the 
posterior abdominal wall. It could be 
palpated by rectal examination but did 
not involve the rectum. 

There was a lumbar kyphosis. The central nervous 
system was normal. 

History and Clinical Course. On admission the 
patient was given 300 ml. of blood and this was repeated 
on the following day (Table 1). 

A Vollmer tuberculin test was positive. A radiograph 
of the chest suggested infiltration in the left upper zone, 
and these findings, together with the fact that the child 
had a mass in the abdomen, led to a tentative diagnosis 
of pulmonary tuberculosis with mesenteric glands and 
renal involvement. The child was accordingly placed on 
streptomycin. 

On her eleventh hospital day the patient had an 
epistaxis and as time went on this became a frequent 
and disturbing occurrence, occasionally becoming so 
severe that nasal plugging was necessary. 

Twenty-one days after admission three lumps, 3 in. 
in diameter, or rather three oedematous areas, appeared 
on the child’s head, one in the right frontal temporal 
area, one above the nose, and one above the left fronto- 
parietal area. These masses were semifluctant and the 
smallest one, that on the left side, was aspirated and a 
little bloodstained serum obtained. 

Meanwhile the child’s left eye was becoming more 
swollen and protruded. 

Bleeding from the nose became more severe and more 
frequent until the patient had to be given repeated 
transfusions. The proptosis increased. Her appetite 
was not impaired at this time and her general condition 
remained good. The lumps became stationary under 
treatment with deep x-ray therapy. 

A radiograph taken at the time of the aspiration 
biopsy showed widespread neoplastic changes in the 
skull, both femurs and tibias. 

The patient was again radiographed one month later, 
and the vault of the skull was seen to be enlarged and 
showed very marked increased intracranial pressure. 
There were multiple areas of osteolysis throughout the 

skull and a fragment of bone had separated posteriorly 
Fic. 2.—Neoplastic changes in the femurs and tibias. at the level of the lambdoid sutures. A sun-ray spicule 
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ct was observed on the vault 

the skull in the frontal and 

ietal regions. Marked soft 

tissue swelling accompanied these 
changes. 

Multiple areas of osteolysis 
were seen throughout the 
skeleton, most marked in the 
pelvis and in the lower limbs, 
periosteal reaction being seen in 
the femurs. There were patho- 
logical fractures of the neck of 
the left femur, the surgical neck 
of the right humerus, and in the 
upper end of the right tibia. 
Changes were not very obvious 
in the spine but osteolytic areas 
could be seen in the dorsal verte- 








, brae. Pleural thickening was 
: | apparent in the chest on each 
; side but there were no obvious 
« 


metastatic deposits in the lungs 
2 4 (Figs. 1, 2, 3, and 5). 
. The aspiration biopsy of the 
lumps suggested a malignant 
¥ growth but no definite diagnosis 
could be made from the slide. 
A bone marrow smear made on 
the twenty-eighth day revealed a 
collection of syncytial masses (Fig. 
4). Although not pathognomonic 
this finding, according to Kato 















d and Wachter (1938), in addition 
™ to those of the radiographs, con- 
firmed the diagnosis of neuro- 
” blastoma. 
nt Deep x-ray therapy was begun 
- on March 23 and stopped on 
April 7, 1949. Aminopterin was 
- given, but abandoned because of 
od the epistaxis and the anaemia. 
al | The veins in the neck became 
“a | distended, and the patient 
ne became dyspnoeic. A hard, but 
. not tender, mass was paipated in : : ‘< & 
we =. eee 4 7 eet Fic. 3.—Neoplastic changes in the humeri. 
: increased in size as time went on and the lumps on the 
wae forehead became larger. The right knee became 
ed swollen and tender about the sixth week of the child’s 
ite illness. She died on the fifty-eighth day after 
* admission. 
Necropsy. The body was well developed but 
on emaciated. The soles of the feet and palms of the hands 
he were very yellow. The head was grossly enlarged and 
there were obvious lumps in the parietal and occipital 
er. areas which on section proved to be haemorrhages. A 
nd large swollen purple mass covered the frontal area and 
re extended to the base of the nose. Incision showed little fore 
the Subcutaneous fat. : " 4 F 
rly In both pleural cavities there was bloodstained fluid e Be ge 
ule with very few adhesions between the lungs and the Fic. 4.—Bone marrow smear made on the twenty- 
chest walls. The heart and pericardial sac were normal. eighth hospital day. 
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ble. LF 


Fic. 5.—Neoplastic changes in the skull. 


All but the first three ribs were invaded by new growth, 
which replaced much of the bony structure. 

The peritoneal cavity contained bloodstained fluid. 
The liver was markedly enlarged and extended 5 in. 
below the costal margin and was studded with many 
nodules of secondary growth, the largest being about 
3 in. in diameter. 

The neoplastic 
mass in the abdo- 
men was attached to 
the lumbar vertebra. 
The sigmoid colon 
was adherent to the 
anterior surface of 
this mass and the 
second part of the 
duodenum was also 
adherent to the 
superior surface of 
the main tumour 
mass. The tumour 
was found to consist 
of a central portion 

Sin. xX 5 in., which 
was whitish-yellow 
in colour and 
studded with a few 
haemorrhagic areas 
and two lateral 
masses about 2 in. 
x 1 in., made up of 
deeply purple cysts 
and whitish areas. 
The bilateral masses 
proved to be the 
ovaries (Fig. 6). 

The main mass 


compressed the right ureter, and in i.s 
upper two-thirds the ureter was dilated 
above the site of compression which wes 
due to a nodule of neoplastic tissue 
invading the lumen of the ureter. The 
left ureter ran around the mass and was nct 
involved in the new growth. Both kidneys 
were large. The adrenals were thin and 
orange in colour and seemed normal. 

The inguinal glands were enlarged. The 
iliac chain of glands was replaced by growth 
and many of the glands were haemorrhagic. 
The cut surface of the larger growth showed 
haemorrhagic areas surrounded by yellow- 
ish tissue. The ovaries were mainly 
haemorrhagic. 

The heart, lungs, trachea, oesophagus, 
and alimentary canal were normal. The 
long bones were not examined. 

The scalp was very swollen. When it was 
peeled back it showed areas of bleeding in 
the sub-periosteal area. The skull cut easily 
and the cut surface was at least 3 in. thick 
and haemorrhagic. The growth seemed to 
be on both surfaces of the cranial bones. 

Only the petrous part of the temporal bone was free 
from invasion. 


Discussion 


In view of the extent of the disease and the 
impossibility of treating the whole area involved 





Fic. 6.—Cut surface of the main mass and ovaries. 
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EXTRARENAL NEUROBLASTOMA 


s -ultaneously, it was decided to treat the patient 
isi sections. Treatment was started on March 23, 
1949. Since it was considered that the immediate 
threat to life was the cerebral deposits, the first 
treatments were directed to the skull. For this 
purpose high voltage RGntgen rays generated at 
180 KV constant potential (filtration 4 mm. Cu. 
and 1 mm. Al, half-value layer 0-9 mm. 
Cu., and a target-skin distance of 40 cm.) were 
applied through a 10 x 20 cm. applicator. 
Anterior and posterior fields were treated on 
alternate days, 500 r being delivered at each treat- 
ment. Initially the fields were centred on the 
cranial vault, and at each succeeding treatment the 
fields were shifted caudad a distance of 5 cm. (half 
the field width). By this ‘ moving strip ’ method 
the skin received a total dose of 1,000 r without any 
gaps due to faulty field contiguity. Any given point 
in the coronal plane of the body, therefore, was 
irradiated for four successive days, and received an 
estimated dose of 120 r. The proposed plan of treat- 
ment was not completed as the patient’s condition 
deteriorated rapidly in the third week. 

The unusual radiosensitivity of this tumour is 
well illustrated by comparison between the treated 
and the untreated lesion. The section from the 
ovary (Fig. 7), which had received only an insigni- 
ficant amount of scattered radiation, showed the 
typical structure of this vigorously growing 
anaplastic tumour. Large round and pear-shaped 


cells, uniform in size and staining characters, each 
containing a single large, spherical nucleus, replaced 
the normal tissue and showed little tendency to form 
although 


any recognizable _ structure, a few 
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characteristic rosette formations could be identified. 

The section from the skull which had received an 
estimated dosage of 1,200 r about four weeks before 
death (Fig. 8), showed radiation damage. The 
relatively sparse islets of recognizable tumour still 
present in the necrotic and haemorrhagic tissue, 
consisted entirely of non-viable cells. There was 
gross variation in cell size and shape, many cells 
being swollen with vacuolated cytoplasm, some 
obvious giant cells and many in the process of 





dissolution. Nuclei were all abnormal. Some were 
in the process of aberrant mitosis, and others 
showed the effects of completed abnormal mitoses: 
multinucleated cells, grossly enlarged nuclei, 
pyknotic staining, nuclear fragments and micro- 
nuclei, and much nuclear debris, often in the 
form of chromatin dust. 


Summary 
A case of neuroblastoma in a Bantu girl, of interest 
because of the extrarenal origin of the tumour, is 
presented. Although the tumour was radiosensitive, 
its marked malignancy and the rapid appearance of 
its metastases in the skeleton resulted in death. The 
problems of treating such a case are discussed. 


My thanks are due to Dr. Lionel Cohen for his report 
on the microscopic slides and on the deep therapy. 
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REVIEWS 


Morbus Caeruleus. By E. MANNHEIMER. 1949. Basle: 

S. Karger Ltd. Pp. 332. Price Sw. F. 40.- 

This book is written by a team of 11 workers and 
analyses 114 cases of cyanotic congenital heart disease; 
it will be read with great interest by other workers in this 
field and contains a valuable amount of information. 

They divided their cases into eight groups: more than 
half were thought to have Fallot’s tetralogy, the next 
largest groups consisting of 17 cases of Eisenmenger’s 
complex and ten cases of dextrocardia with cyanosis, a 
complicated and interesting group that they describe 
fairly fully; isolated pulmonary stenosis, three cases; 
tricuspid atresia, two cases; transposition, six cases; 
and truncus communis, three cases, were smaller groups. 
A few of these last had been seen earlier and were 
supported by necropsy, but the investigations had not 
been done so fully by these modern methods. 

Whether this is the time for writing such a book or 
whether it would not be better as separate papers is 
doubtful, for naturally some chapters, for example that 
on embryology, are dealing with established knowledge 
and should need little change later, while others, for 
example, on angiocardiography and catheterization, are 
more in the nature of preliminary reports and are not 
so likely to represent the authors’ views in a few years’ 
time. 

In the section on cardiac catheterization, however, the 
authors have made a useful comparison of their results 
in 19 congenital cases with their results in 30 normal 
cases, and have laid down some standards of what may 
be regarded as differences that are significant of left to 
right shunts. They consider a difference of oxygen 
content of more than 1-2 vols. % between samples 
from consecutive heart chambers or arteries proves a 
left to right shunt. 

The results on angiocardiography in 28 cases are 
presented and there were two deaths, where this cannot 
be excluded as a partial cause, which fact agrees with 
some other views that angiocardiography is a serious 
but justifiable procedure in patients as ill as this. Asa 
criticism of detail it is not always easy to see quickly the 
number of seconds after injection when an angiocardio- 
gram was taken. The authors present many cases of 
considerable interest, and some of these are given in 
detail in the appendix. 

Perhaps the long section on radiology and radioscopy 
is one of the most valuable. They find that the backward 
enlargement of the heart in the left anterior oblique 
position is not a reliable indication of enlargement of 
the left ventricle, but may be caused by the left ventricle 
being pushed back by an enlarged right ventricle, and 
think a rather pointed cap particularly characteristic of 
this. The part on vascular anomalies is extensive and 
of much interest. 

There are interesting chapters on electrocardiography 
and on exercise tolerance tests in these patients. 

The last chapter deals with the surgical treatment of 
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21 cases. The 13 that survived were all much improved 
and the high mortality was almost entirely in the first 
half of the series, further emphasis that the investigation 
and treatment of these patients should only be undertaken 
at special centres such as this, where wide experience is 
available. The routine use of digitalis after operation 
which they recommend has not been found necessary in 
most centres. 

Few misprints were noted but-on page 57, 72 is printed 
as 27 cases. 

Pathologie du Nouveau-né. By JEAN BALMES and ANDRE 
Lévy (with a Foreword by Robert Debré). 1950. 
Paris: G. Doin & Cie. Pp. 316. Price Fr. F. 900.- 
This book covers the wide field of the pathology of the 

newborn, and includes chapters on the anatomical and 

physiological changes which take place at birth. Each 
section is presented essentially as a review of the literature 
of the past decade, and most of the references are to 

French work. 

The authors state that their aim is to provide a text- 
book for students and not a reference book for the 
specialist, and it may be fairly said that, within the 
rather narrow field of the literature reviewed, they have 
achieved their object. 

Infant Nutrition: Its Physiological Basis. By F. W. 
CLEMENTS, M.D., D.P.H., D.T.M. 1949. Bristol: 
John Wright & Sons Ltd. Pp. 254. Price 21s. 

As its title indicates, this volume is a textbook of 
nutrition and not of infant feeding, although there is one 
short chapter on the application of the principles of 
nutrition set out in the earlier part of the book. Foetal 
nutrition is considered in detail, after which milk and the 
requirements of the young infant are reviewed. The 
recent literature is well covered. ‘ Infant Nutrition ’ is 
likely to find a place as a work of reference in every 
paediatric library. 

Aspects Biologiques de Quelques Maladies de L’Enfant. 
By G. ScuHapira, and J. C. Dreyrus. 1950. Paris: 
G. Doin & Cie. Illustrated. Pp.146. Price Fr. F. 650.- 
This little book has been written to demonstrate the 

use of biochemical thought to clinicians. Diseases of 
muscle, nephrosis, glycosuria, hypothyroidism, rickets, 
and the metabolism of iron and of certain amino-acids 
provide the text. The writing is lucid and the authors 
have achieved their aim. 

Mitchell’s Pediatrics and Pediatric Nursing. By R. A. 
Lyon, M.D., and ELGIE M. WALLINGER, R.N., B.S., 
M.A. 1949. London and Philadelphia: W. B. 
Saunders Co. 3rd Edit. Pp. 590. Price 19s. 

The fascinating historical survey of the development 
in child care through the ages in the first chapter of this 
book serves to illustrate the diversity of information and 
wealth of interest it contains. It can be warmly recom- 
mended both as a ready reference and as a good means of 
revision for nurses preparing for examinations. It is 
written in a clear and readable style, and the subject 
matter is well arranged. 
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Trends in 


Diphtheria Prophylaxis 


The low incidence of diphtheria in Great Britain today is due in large measure 
to the use of ‘Wellcome’ Diphtheria Prophylactic A.P.T. Used for the 
protection of more than 7,000,000 children immunised under the Government 
diphtheria immunisation scheme, this preparation was discovered and first made 
at The Wellcome Research Laboratories. It contains a considerable amount of 
bacillary protein in addition to the specific toxoid, and some workers have 
suggested that reactions in older children and adults may be due to this. 

Highly purified specific toxoid has been prepared by a new method devised at 
The Wellcome Research Laboratories. It is adsorbed on to Aluminium Phosphate. 


This new product, ‘Wellcome’ Diphtheria Prophylactic P.T.A.P., is offered as an 
alternative to A.P.T. It: 


(1) contains less bacterial protein than does A.P.T. and may therefore 
cause less reactions in older children and adults. 

(2) produces the same levels of circulating antitoxin as does A.P.T., 
when used by a two-dose method. 


The rdle played by the bacillary protein in the production of ‘‘ complete ’” 
immunity is not known, and it must be regarded as possible that this material, 
present in A.P.T., plays a valuable part in preventing diphtheria in actively 
immunised subjects. 


*WELLCOME’ 


BRAND 


DIPHTHERIA PROPHYLACTICS 


PREPARED AT THE WELLCOME RESEARCH LABORATORIES 





SUPPLIED BY 


BURROUGHS WELLCOME & CoO. 





Waa 


CSS 


(THE WELLCOME FOUNDATION LTD.) LONDON 
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The information given is brought well up to date with 
just sufficient detail and some first class tables and 
illustrations. Diagrams such as those showing the times 
of appearance, radiographically of ossification centres of 
bones, should be useful to more senior members of the 
paediatric team, while there are some excellent descrip- 
tions of practical aids, such as splints and nursing charts, 
for the less experienced nurse. There is a discussion of 
the psychological approach to the child and to the care 
of children in the community, with commonsense advice 
to the nurse who first starts caring for sick children. 

Unfortunately the Americanisms in the text are at 
first disturbing and the detailed bibliography loses its 
value because it is entirely American. In spite of this, 
the book should prove a valuable addition to the limited 
choice of such literature at present available. 


Bronchography. By EELco HuiZzinca, M.D., and G. J. 
SMELT, M.D. 1949. Assen (Netherlands): Van 
Gorcum & Comp. Ltd. Pp. 270. Price Florins 39.- 
This copiously illustrated and attractively produced 

book suffers from lack of an index. The anatomy of the 
bronchial tree and various pathological appearances are 
considered in detail, but the book will probably be of 
more interest to the chest physician than to the 
paediatrician. Little consideration is given to the 
difficulties of getting satisfactory bronchograms in 
children. It is interesting to read that ‘ as a rule children 
under 8 are given no anaesthetics at all.’ 


BOOKS RECEIVED 
(Review in a later issue is not precluded by notice here of 
books received in 1950) 

The Prevention of Burns in the Home. By LEONARD 
Cote. 1950. Fire Protection Association. Illustrated 
pamphlet. Pp. 20. No price stated. 

The Natural History of Bright’s Disease. By G. E. M. 
Scott. 1950. Melbourne (Aus.): W. Ramsay 
(Surgical) Pty. Ltd. Pp. 62. No price stated. 

Children with Mental and Physical Handicaps. By J. E. 
Wallace Wallin. 1950. London: Staples Press Ltd. 
Pp. 549. Price 42s. 

A Study of Diphtheria in Two Areas of Great Britain. 
Medical Research Council Special Report Series 
No. 272. 1950. London: His Majesty’s Stationery 
Office. Pp. 162. Price 4s. 

Radiographic Atlas of Skeletal Development of the Hand 
and Wrist. 1950. London: Oxford University Press 
(Geoffrey Cumberlege). Illustrated. Pp. 190. Price 
80s. 

Researches on the Measurements of Human Performance. 
By N. H. Mackworth. 1950. Medical Research 
Council Special Report Series No. 268. London: His 
Majesty’s Stationery Office. Pp. 156. Price 4s. 

Feeding Mothers and Babies. By Nell Heaton and Guy 
Daynes. 1950. London: Faber and Faber Limited. 
Pp. 214. Price 7s. 6d. 

Sduglingsernahrung. By August Reuss. 1950. Vienna: 
Springer-Verlag. Illustrated. Pp. 133. Price Sch. 13.- 

Osterreichische Zeitschrift fiir Kinderheilkunde und 
Kinderfiirsorge. By K. Kundratiz, E. Lorenz, R. 
Priesel, and A. Reuss. 1950. Vienna: Springer- 
Verlag. Illustrated. Pp. 208. No price stated. 
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The Design of Toxicity Tests. By W. L. M. Perry. 
1950. Medical Research Council Special Report Serizs 
No. 270. London: His Majesty’s Stationery Office. 
Pp. 51. Price Is. 6d. 

Werdnig-Hoffmann’s Infantile Progressive Musculkir 
Atrophy. By SvenBrandt. 1950. Copenhagen: Ejnar 
Munksgaard. Illustrated. Pp. 328. Price D.Kr. 20.- 

Physicians Handbook. By Marcus A. Krupp, Norman J, 
Sweet, Ernest Jawetz, and Charles D. Armstrong. 
1950. Palo Alto (Calif.): University Medical Pub- 
lishers. 6thedit. Pp. 380. Price $2.50. 

The Rhesus Danger: Its Medical, Moral and Legal 
Aspects. By R. N.C. McCurdy. 1950. London: Wm. 
Heinemann Medical Books Ltd. Pp. 138. Price 5s. 

Erythroblastosis Foetalis und Blutaustausch. By A. S. 
Wiener and I. B. Wexler. 1950. Stuttgart : Georg 
Thieme. Illustrated. Pp. 56. Price DM. 4.20. 

Child Care in Israel. Edited by C. Frankenstein. 1950. 
Jerusalem: The Henrietta Szold Foundation for Child 
and Youth Welfare. Pp. 324. Price not stated. 


Orthopaedic Surgery. By Walter Mercer. 1950. 
London: Edward Arnold & Co. 4thedit. Pp. 1016. 
Price 50s. 

FILM REVIEW 
The Development of Locomotion (England 1950). 16mm. 


silent; 24 minutes. Sponsored by Department of 

Child Health, Sheffield. Made by Department of 

Medical Photography, Sheffield. Script and Direction: 

Prof. R. S. Illingworth, M.D., F.R.C.P., F.R.P.S. 

Photography: A. F. Taylor, A.R.P.S. Distribution: 

Apply sponsor. 

This film is based on Gesell’s work and illustrates, 
for medical students, the development of locomotion in 
the human child. 

A caption points out that the sequence of development 
is the same for all babies but that the rate varies. Some 
reflex movements, e.g., walking and reciprocal kicking, 
are present at birth and are lost before similar voluntary 
movements appear. As development of control starts 
in the head, head control is dealt with in some detail. 
How, as well as what, a child can do is important and is 
illustrated in reference to sitting. By 16 weeks the child 
lifts himself on his forearms, by 6 months he rolls over, 
by 9 months he crawls, and at 12 months he can walk on 
all fours. The second reel deals with development in 
the standing position: standing with help, walking, 
climbing stairs and so on culminating in a shot of a 
five-year-old doing a ballet dance. 

The film is well photographed, with one or two 
exceptions. The planning and continuity is good though 
occasionally the cutting is untidy in that after doing his 
piece the child obviously looks at the camera. Some 
people curiously enough fail to see the point of the 
opening shot of a newborn lamb, already well advanced 
in locomotor skill, in contrast to the human baby. 
More reasonably the ballet sequence might be criticized 
as falling below the production standard of the rest. 
The captions are clear and helpful. 

This is a well-planned, well-made film which will be 
useful in teaching medical students and any other group 
interested in children—nurses, nursery workers, and 
parents, actual and to be. 
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